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NVMe command execution
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Flash Memory Summit

Normal mode Command execution

Address

i e 'M MWr32)  Length (IGERTECLY
1616 & 010:00000 1 000:00:0

CEB01008

Ring Doorbell o

New Tail

Tail

Host
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Queue
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New Head
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Submission Queue
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Process
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PCle TLP
PCle TLP
PCle TLP

PCle TLP

M e |y NWi(32) Length RequmriD Address
1712 010:00000 000:00:0 CEBO100C

b
Soias 1R l [GEYRT | RequesterlD Address  ||1stBE|LastBE
011:00000 4 182:00.0 0000007F:64758000 | 1111

Completion Queue e NVMe Controller
e Head Doorbell J Queue

Completion

Generate
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NVMe Command execution

| asaB Address Low|ASQB Address High || MN 'M -
| 4 Ox40BF4000 | 0x00000003 |[[NTEL sspPD2mDs00G+ | il

S
Flash Memory Summit

| Device 1D | e
| 024:00:0 |

NVMe [ Device 1D | ~ ACQB Address Low|ACQB Address High || MN M
| o34:00:0 | | oxaoosscoo , | oxoo000002  ||INTEL SSDPD2MDS00G4 | [N

# Link & Split‘l'rans

292.000 ns |0020 . 201 010 254 000 s

# Link & SplitTrarls

292.000 ns |0020 . 201 010 5486 000 s

1
[ Device 1D | | I | i3 I | | MN hetrics P Link & Spllt Trans Time Stamp
| 034:00:0 | 1 Jooo| o |oody oo | 8 | 4 [[INTEL SSDF'D'ZMDEIDDG4| 1,_3 000 ns [0020 .
I

201 010 838 000 s

1|
Device ID RDY [CFS[SHST [NSSRO PP || MN M - #Llnk&SplltTrnns
TS etrics
034:00:0 0 ] 00 ] [iNTEL SSDF’D‘MDSDDG4I 77.470 ms [0020 . 201 010 966 000 s
kTra 5.0 | | | | || RequesternD |Tag]| .age Cod vID _[vendor Speclﬁcl Data M —
R etrics
425 | | | o©011:10011 | Broadcast | 1 || o©o00:00:0 | o | vendoLDeﬁnediTypw 0x8086 | 0x00000080 dword Packet #2990

IDevil:e |=] RDY | CFS | SHST mIFP | MM M i # Link & Split Trans
| 034:00:0 | BE | o | oo | o | o |[inNTEL SSDPDAN1DSOC|G4| shnes 1 3.600 us |0020 . 305 489 854 000 s

Datsa | N

[ M # Link & Spllt Trans Time Stamp
4 dwoxr ['WTEL ssoPD2Mm DSDOG4| e 560 000 ns (0020 . 305 493 454 000 =
I

[[RequésteriD | CompleterD |1'ag| Address || Status Data M trice ¥ LinkTrans
| ocool7o | 034000 [ O o | BFFFEQOD || E= dword stnes 3.508 us |0D20 . 305494 014000 s

x :
| Device ID | | MN | .u = # Link & Split Trans
L3 {=-3
034:00:0 roxr ['NTEL SSOFPD2M DSDOG-1| 3 189.608 us (0020 . 305 497 522 000 =
\
[ Device 1D | MN M rics ¥ Link & SplltTrans
034:00:0 2 DPDZM DBDOG4| = 1.696 us |0020 . 305 687 130 000 =

M # Link & Split Trans Time Stamp
034 00:0 7 00000001 INTEL SSDF'DEM D80064| eh’las 11 488 us 0020 . 305 688 826 000

AvMe Cmd | oFPC ‘\1 warmng(sli | sap | capo | cao |4 Data [ control
o = | 'dentify Controller |[NVMe §md Warnifgs (2) |[0x0000 [0x0000 [0x0000 || 1024 dwords || 0x00000003: 41F33000|[0x00000000 oooooooo] Idermfy Controller | 0x0000 nireliers
| Device ID || D |

H

22

| MM M - #Llnk&SplnTrsns
(-3 cs
| 034:.00:0 |[ox0000| [INTEL SSDF‘D(.MDSOGG-tl 6.878 us |[0020 . 305 700 314 000 s

T MNVMe [Device D || a0 | ciD
23 H | 034:00:0 ||oxDO0O |oxoooo||oooooo'b3 4DEF4ODD| 0x00000000:00000000 0x00000003:41F38000
LY

[Device D || D | co || Adire VIiD SSVID
m| 034:00:0 ||Uxouuo|0xmmoo||oumoouma[41|=asmoo| S k| (S i ] 0x 5056 | 0x8086 | CVEKG255008Q1P0BGN | INTEL SSDPD2ZMDS00G4

Device ID ap | cap || Aaﬂ-‘n . SQHD SQID mmand Specific M DNR
00:0 [DXDDDD]DxDDDD”00000003:40983000' S8 [ <0001 | 0x0000 | 0x0000 | 1 0x00000000 Generic Command Status | Successful Complet-on ol o
PDevice D || ao | cpo ] Addre ‘i MN M trics * Link & Split Trans
| 024:00:0 |[ox0000 [0x0000 |[00000000: FEE‘DUUDI 0x00004072 IINTEL SSDPD2M DEIDDG-1| SHies 252 0020 . 205 2819 96

Identify | Normal operstlo n
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Controller Memory Buffer
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Flash Memory Summit
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| 1 [ 0 |4 KB40

D Controller Memory Buffer

Flash Memory Summit
Wis Gma orc "saib [ oo | oo | T

42

¥ Link Tra R MWF(32} Length
1110 0000

INTEL SSDPD2ZMD200G4

v MWr(32) Length Address
em 010:00000 - BFFFDOOS

. # Link & Split Trans | Time Delta | |
e

Command Specific
0x00000000 i

MWr(B4) Length

M
il  011:00000

#Link & Split Trans Time

Devi )
034:00.0 p0000000 FEE20000 |0 |0x000040A2 |[INTEL SSDPD2MD800 | TR

[DeviceD || aip |FEEp el w8 #Liﬂk&SPIHTrms _
0 0x0003 |[INTEL SSDPD2MDE00G4 Bu

7 Link Tra - MWr(32) Length ' Data |VCID Expncimc:K
1130 010:00000 000:00:0 EIFFFDUUL. 1 dword|| 0 ||Packet#412

Time Stamp
0020 .311 081354000 s

i # Packets | Time €
M etrics -
[ _7.73¢




CMB command execution

Flash Memory Summit

#Link & Split Trans

""*"" 2us |0020. 310 007 674 000 s

Time Stamp
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NVMe Cm SaiD_| calD | CID MPTR NLB PRINFO FUA LR
56 Read |0x0001 | 0x0001 |0x0033| 32768 dwords ||[00000000-:00000000 | 00000000: 82403818”00000000 87A1E000 | |00000000:000E3980 | [0x00FF|  0x0 No frequency information provided | b

vu::e ID sQyTDBL MM ’M tri # Link & Split Trans
414 001 00:0 0)(0001 0)(0034 ‘SAMSUNG MZVF‘V?SBHDGL—DOODD| Sties 1

Time Stamp
0028 187 249 604 s

[DevicelD |[[ @D | cib || Address 0
| 001:00:0 |[0x0001 [ 0x0033 || DODOODOD:87AZ0CCO |

Read |Mormal operation | PRP |0x0033 | 0x00000001

Address Address

Address
MR #4H 0oooo000-82403818 PRP2 00000000-87A1E000 | | 00000000-000E39¢

[ Device ID |[ @D ciD Address

| I PRP List . D2ta Len Address List - ) ink
001:00:0 || 0x0001 |UXUU33 || UUUUUUUUZSTA'IEUUU 0x00000040()32 addresses||SAMSUNG MZVPV255 & 5

00000000-00000000
# Link & Split Trans me
|| 678.500 ns | 0028 . 187 250 868 5

"~ Split Tra soll . MRd(32) RequesterD CompleteriD ITanmrll A= =
1451 x4 000:00000 001:00:0 | 000:00:0 [e] o || S7A1E000 | C 0: 82404000 00000000 82405000 00000000 82406000 00000000 82407000 00000000

" Split Tra 8.0 MRd(32) RequesterlD

1452 s | D 00000000 001.000

CompleteriD |Tag |
000:00:0 4 0 0

8= 82408000 00000000 82405000 00000000 8240A000 00000000 8240BO00 00000000

688800 ns | 0028 . 187 251 546 s

Time Stamp
[ qwords 886 500 ns | 0028 . 187 252234 s

£ ‘ Time Stamp
12 dwords |ig 2 110.309 us [0028 . 187 252920 s

T Split Tra - 80 - MRd(32) RequesteriD CompleterlD |Tag|

1454 x4 sm 000.00000 001:00:0 000:00:0 6 || 0 0
T Split Tra - 80 MRd(32) RequesteriD CompleterlD |Tag|

1455 x4 000:00000 001:00:0 000:00:0

| |
| |
" Split Tra 8.0 MRd(32) [ ReguesteriD | cCompleteriD |Tag|
R+ Mem . — 50,
1453 x4 000:00000 | ootoo0 [ 000000
| |
| |
| |
| |

v Sl, s M t # LlnkTrans Time Stamp
87A1EQFD J] 4 dworfis | [hambee -2? 309 us | 0028 . 187 363 230 5

Device ID |[ @D [ cib || Address

[ Device ID |[ @D cID Address y 4 e #Llnk&SpIrl Trans Time Stamp

| 001:00:0 || 0x0001 | 0x0033 || 00000000:82403818 dwords ,SANﬁUMG 1 VF‘VZSSHDGL 10000 | |Hai ?82,000 ns | 0028 . 187 335820 5

[DevicelD |[[ @D | cip || Address N "etrics F Link & Spiit Trans | Time Delta Time Stamp

| 001:00:0 |[0x0001 [ 0x0033 || DODDOD0D-82404000 [ mrds s MSl‘ G MZVPV256HDL- 00000| Strics 40 1649 us | 0028 . 187 336 702 s

[DevicelD |[[ @D | cib || Address RP Data L Data Len N "etrics F Link & Spiit Trans | Time Delta Time Stamp

| 001:00:0 |[0x0001 [ 0x0033 || D000DOC00:82405000 | 0x00000400 | (1§24 dwgrru |FAMSUNG MZVPV286H DGL-00000 | 40 1.647 us | 0028 . 187 338 352 5
y i

[Device D ][ @D [ ciD_|] Address PRP Data . Data Len WN "atrics F Link & Spiit Trans | Time Delta | Time Stamp

| 001:00:0 |[0x0001 [ 0x0033 | [ DO0000D0:82406000 | 0x00000409 SAMSULE MZVPV256HDGL-00000 40 1.653 us | 0028 . 187 340 000 5

[DevicelD |[ @D [ ciD || Address e Data = "etrics 7 Link & Spit Trans || Time Defta | Time Stamp

| 001:00:0 |[0x0001 [ 0x0033 | [ D00000D0:82407000 | 0x000Q#800 | 10244 |SAMSUNG MZVF’VZSEHDGL 00000| 40 1.659 us | 0028 . 187 341652 s

[Device D |][ @D [ ciD || Address | = 3 WIN "etrics 7 Link & Spiit Trans | Time Delta Time Stamp

| 001:00:0 |[ox0001 [0x0033 || 00000000:82408000 | x00000400 [SAMSUNG MZVPV256HDGL-00000 | 40 1.649 us | 0028 . 187 343 312 s

SEE Data | WIN "ietrics 7 Link & Spiit Trans | Time Delta | Time Stamp 12
001:00:0 || 0x0001 | 0x0033 || D0OO0O00:82409000 | L 0400 (1024 dwords |[SAMSUNG MZVPV256HDGL-00000 | 40 1.651 us | D028 . 187 344 9625
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Flash Memory Summit

Bit Bucket data

not transfered
MW Me Logical Blocks

LBA x+26

2KB

4KB

v

"’I Data Block A

SGL Data Block descrniptor —
specifies to transfer 3KB T

Segment descriptor

Destination SGL Segment O

Address = A

o | | Length = 3KB

Address = Segment 1

points to the next memory —

I | Length =48

location of the SGL

¥

Data Block descriptor
specifies to transfer 4KB

Bit Bucket descriptor
specifies to not transfer the o
next 2KB of logical block data

Last Segment descriptor

Destination SGL Segment 1

Address = B

o | | Length = 4akB

1 Length = 2KB
| |

Address — Segment 2

N | Length =18

points to the last memory —
location of the SGL

¥

Data Block descriptor

e —_— -
specifies to transfer 4KB

Destination SGL Segment 2

Address = C

o Length = 4KB
| I




i@ SGL descriptor rules

Flash Memory Summit

Data Block Descriptor points to data payload
Segment Descriptor points to next segment
Last Segment Descriptor points to last segment

Last segment cannot have a Segment or Last
Segment Descriptor

Bit Bucket descriptor has length but no pointer



SGL decode transaction layer view

1) command line, indicating the first SGL segment for the command and decoding its

o

Flash Memory Sumpit
’ OPC FUSE PSDT CID NSID neTe Address Length Zero
Normal operation SGL Last Segment |00000000:84245880 |0x00000020| 0 |||

(2) SGL segment line decoding its fields

SGL SGL
descriptor descriptor

Address Length  Zero Address Length  Zero

00000005 34263900 0¢00002080| 0 | g SGL Data Biogkl0000005:34265980 | 0x0001E780] 0 |

00000000:84245880

(3) SGL data block per S%LOZ? i

each SGL data block
descriptor

Data Len
00000005:3A265980 el 0x000079ED (|3 0 dwords|[SAMSUNG MZWLL1TEHEHP-00003




T PRCHK PRACT
SOL g 0% PRINFO
SGL Segment | 0x000000TF 72 (Qx0O0D0000-E1CCA018 || Ox 0007 100 0 0 | 0 ||No frequency info |None | 0 |0

. Address Length  Zero saL Type Address Length
SGL Darta Block |0x0000007F: 7TDCEO0SY | 0x00000053 | 0 SGL Data Block | 0xD00000TF : TDCEDOAS | 0x00000053

Type Address Length Zeso sGL Type Address sGL
SGL Data Block | 0x0000007F :7DCE01F 2 | Ox00000053 | O SGL Data Block |Ox0000007F: 7TDCE0245 |0x00000053 | O 5 SGL Data Block | 0x0000007F : 7DC 60258 | Ox00000053

sal Type Address Length  Zero sal Type Address Length Zero
SGL Data Block | 0x0000007F :7DCE0391 | 0x00000053 | 0 SGL Data Block |0x0000007F . 7DCE03ES | 0x00000053| 0 SGL Data Block | 0x0000007F  TDCE0437

1 ¥ Address Length Zero 26L Type Address Length  Zero
SGL Data Block | 0x0000007F : 7DCE0530 | 0x00000053 | O SGL Data Block | 0x0000007F :7DC60583 | 0x00000053 | 0 SGL Data i

Address Length Zero

Type
SuL -
SGL Last Segment | 0x0000007F :726001C0 | 0x00000170[ 0 |

:: ¥
INTEL SSDPD21K015TAM
Device ID s6L ¥ Address Length  Zera
182:00:0 || Ox0001 | Ow0O008 TF:7 ] SGL Data Block | x0000007F: TDCE09ET | 000000053 | 0

saL Type Address Length
Block | 0x0000007F :TDCE0ABY | 0x000000S3 SGL Data Block | 0x0000007F : TDCE0ROE | 0x00000053 | 0

Length
SGL SGL
SGL Data Block | 0x0000007F: TDCE0DAD | ax00000054 | 0 SGL Diata Block | 0x0000007F: TDCBODF 4 | 0x00000054 | 0 SGL Diata Block | 0x0000007F: 7DCAOES | 0x00000054 | 0 SGL Data Block

Zero 861 Type Address Length Zero SGL Type Address Length Zero 8GL Type Mddress Length Zero
SGL Data Block | 0x0000007F: TDCEOF 44 | 0x00000054 | O . SGL Data Block | 0x0000007F : 7TDCE0FSE | 0x00000054 | 0 SGL Data Block | 0x0000007F: TDCEOFEC [0x00000054| O
INTEL SSDPD21KO1STAM - 34,651 us |016S, 0S8 962 818 2505

NVMe | DevcelD || QD [ CID | Data Len TR\ Lok & S Trans

354 192:00:0 || ox0001 | ox0008 7F -7DCE0000 5 E— 0: FFFFFFFF : 203.000 ns 0165 . 058 567 468 750 s
» ok & Solt Trans | TR e Stamg

388 162:00:0 || 0x0001 | 0x0008 7F-7DCE00M 0x00000005 [0+  0000FFFF INTEL SSDPD21KO1STAM 50 s |0185 . 058507 872 750

0 2 A
’ "
Metrics
0000007F:TDCB014C 000000005 FFFFFFFF FFFFFFFF FFFFFFFF FFFFFFEF||INTEL SSDPD2iK01sTAM | S 164.500 s 0165 . 056 997 871 500 5

4. FPPRFFFFF|




Bit bucket descriptor

Flash Memory Summit

) o # Link & Split Trans Time Stamp

Metrics
R 010. 178 630 834 250 5

# Link & Split Trans Time Stamp

"'m'— 0010176 759233 250 s

= Last Segment has only a Bit Bucket
Descriptor

= No segment descriptor in Last Segment
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i@ NVMe Analyzer mode - Goals

Flash Memory Summit

 Real time analysis of NVMe products and
 |dentify specific NVMe events and scenarios
 Identify performance bottlenecks within a long
recording
 PCle analysis engine Needs to understand
the NVMe command gueuing mechanism

 PCle analysis engine self-learns queue and
payload bindings



(@ NVMe mode Long Recordings analysis

Flash Memory Summit

 Dropped idles, SKPs, EDSs, DLLPs and data payload
« Memory Utilization Model Assumptions
16GB memory dedicated per direction
Capture Duration Doubles for Gen4 NVMe
analyzer
Recording stops as soon as either side fills up
e SSD rate forreadis 2 GB / sec or 16 Gb/sec
 This implies a Gen3 x4 link with 60% utilization
« Assume 16 pages /command
 Assume 2 doorbells
 Assume no interrupt aggregation
« Each TLP to occupy 1.09 to 1.43 memory blocks on
average



(W Recording duration using 32K DW
ik emory ot NV M@ Transfers

Best Case
Gen 1 x1 Lane Width

Worst Case
Gen 3 x4 Lane Width

Link Utilization (%) Link Utilization (%)
TLP size (dw) 100 90 80 70 60 § TLP size (dw) 100

90 80 70 60

32EWM 328879088 0.o61 188 11.0930[12 6780l 14 75178
64 | 128 -m 9 64
123 B 37 008 154, 128

256 120,88 133 8 150.7 \ | 256 7,658 8 5088 0.6l 10,93 127553
512 (119 8 130 S8 148 512 7.5c§8 & 40d8l (o 45788 10,808l 12 6098

118 1024 (7,520 '8 353888 9. 4078 10.74cf 125371
20487 --m
8.3
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NVMe analyzer mode

Recording Options

s ——
Flash Memory Summit

Simple Mode

= Filter in items ecamling Type ) -Recordig ode — ™ s
() Protocol Recording : . -
.- = c hot { itTracer Recording : MJ
1. Entities that form NVMe
. Invert Pol

Commands E L e
2. NVMe Control

Registe r‘S i £ommand [ contraller R ErerfouE:SLLPA
bmission Command Al |:|[1LLF-' NAKS
. . DAdmln ymmand DMSI
3. PCle entities related to DI G
n ["] Admin Comman
NVMe traffic o Command

[ poorbell

] Admin Doorbell . Reference Clock
4. AC K/NAK DLLPS [Tyo Dl:u:ll:rhell MaLC ) : Internal

5. Interrupts -

<h to

6. PCle configuration map

Restore Factory Settings




’ NVMe Analyzer mode

Flash Memory Summit

NVMe Filters  Actions

NVMe Filters

Label:
MyMe Filters

[m] NvMe Command

[m] Submission Command
[] admin Command
I/O Command

[m]) Completion Command
[ ] Admin Command
I/O Command

[ ]Doorbell
[ ] Admin Doorbell
[[]1/0 Doorbell

Filter In (Record only these items)
[m] Controller Registers

[CJcar

[Jvs

[C]inTms fiNTMC
CcC

[Jcsts
[Inssr

AQA
ASQ/ACQ

[ JcMeLoc /cMBSZ
[ 1sPINFO
[]BPRSEL

[ ]BPMBL

[ ]DLLP ACKs
[ ] DLLP NAKS
[ ImsI

[ Ims1-x

[] Device Config
Set Namespace IDs

Available NVMe Devices:
@ Ox00000000EF510000
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Flash Memory Summit

NVMe Analyzer mode

WI'

ST pm
0x00000000 Generic Command Status| Suce s’fu\bumplﬂtmn nn

# Link & Splnt Trans
aan1=un-: SED 950 PRO 256G8

Time Stamp

ACCL SEQR INCOM ILBF

[None[ 0 | 0_|[0w0c0g

#Link & Split Trans || Tir

ssossorrozsscelel 1 |[1o9

ACCL SEQR INCOM

| NN #Link & Split Trans ||
”“”“-




Flash Memory Summit

= NVMe Read Command Pac

NVMe Analyzer mode

ket Level

associated by queue address

Completion TLP with “mysterious” address field

MWr({32) Length

“mem 010:00000 -

MWr(SZ] Length

e T
o

010:01010

MWr(32) Len gth anunﬂnrll:l
@mnleteﬂo Ststus

MWr(SZ) Length

e

[ oo ] RequesteriD
010:01010 001:00:0
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i@ NVMe performance analysis

Flash Memory Summit

= As NVMe technology matures leading to a
need to maximize performance

= What's special about NVMe performance vs
general PCle performance

= differences in performance analysis
techniques between SSD drives and
traditional magnetic drives.



i@ NVMe latency categories

Flash Memory Summit

= Doorbell to command submission
= Command submission to Data transfer

= Command sub mission to command
completion

= Command completion to interrupt



i@ NVMe Performance management

Flash Memory Summit

 PCI express flow control credit starvation.

* Tradeoffs between memory resource
allocation and data throughput

* Queue allocation presents tradeoffs between
command latency and throughput

 Virtual channels manage traffic in fabric
 Allocate traffic classes to Virtual channels



i@ NVMe performance criteria

Flash Memory Summit
» Response time
« Transmission of the complete transfer from the beginning of

the PCle packet to the end of the last PCle packet of this
NVMe command

= Latency time

« Time from the last PCle packet of the NVMe command
submission to the first PCle packet of the NVMe command
completion

 Throughput

« NVMe command payload of all simultaneous coincident
commands during the processing of current command
divided by response time



Instantaneous Performance Metrics

s ——
Flash Memory Summit

#NVME Tians Resp time Latency _ Pld Byles Thipi MBIs _10PS _ SDbl-CDbl SDbl-GCmd SCmd -CCmd INmeDeEY  Time Stamp




Response time

Flash Memory Summit

M.B PRINFO FUA LR .., ACCL| SEGR| INCON | EILERT | ELBAT ELBATM [Ig
uuuuuu uuuuuu uuuuuu D9B00 uuuuuuu 0000000 uuuuuuuuuuuuuu [oxo000] ox0 [0 [o . ) | 0 | o |[oxo0000000

| Expicit SQyTDBL Explicit 1050 Expncmoca Explicit CQyHDBL Resp. time d. Bytes Thipt MB/s  IOPS  SDbl - CDbl SDbl - CCmd SCmd - CCmd
nvie 126 |] 000000001 g2 | o1 |

Comma
level metrics

T _ _ Time Stamp
010:00000 | 1 |[ ooo:00:0 |

T
010:00000

L #Lnne o,
etrics

" [T | RequesterD
oi0:00000 | 1 || o000 |




s ——
Flash Memory Summit

= Drill down to =)

get more
reports

Performance Ana

lysis via Trace

(@) Performance Analysis

¢ Link Transaction Performance
Split Transactions Performance
¢ NVMe Performance

Link Transaction Performance
Performance
Transaction Type

MsgD
CfgRd

MRd(64)
MWr(64)

Memory Writes Performance

000:00:0, TCO
006:00:0, TCO 3066 76.000 ns

Split Transactions Performance

Overall Performance
Requester -> Completer
000:00:0 -> 000:00:0

000:00:0 -> 006:00:0
006:00:0 -> 000:00:0

EUSHSEVNVINISINN &

Resp. time
(Ave)
1.407 us
681.170ns

1.740u
76.000ns 2 s 468.000 ns
148.000ns 000ns

Resp. time
(Max)

1.692us
988.000 ns

Resp. time

ki

0o R OR RO

-
Y

2.255
10.039

Thrpt
ME/s
{Avg)
2.715
162.247
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Read Requests Performance
Requester -> Completer

000:03:0 -= 000:00:0, Cfg TCO
000:03:0 -> 002:00:0, Cfg TCO
000:03:0 -= 003:04:0, Cfg TCO
000:03:0 -> 004:00:0, Cfg TCO
000:03:0 -> 003:05:0, Cfg TCO
000:03:0 -> 005:00:0, Cfg TCO
000:03:0 ->= 003:06:0, Cfg TCO
000:03:0 > 006:00:0, Ctg TCO
000:03:0 -> 003:07:0, Cfg TCO
000:03:0 -> 007:00:0, Cfg TCO
000:03:0 -> 004:00:0, Mem TCO
004:00:0 -> 000:00:0, Mem TCO
000:03:0 -= 005:00:0, Mem TCO
005:00:0 -> 000:00:0, Mem TCO
000:03:0 -= 006:00:0, Mem TCO
006:00:0 -> 000:00:0, Mem TCO
000:03:0 -= 007:00:0, Mem TCO
007:00:0 ->= 000:00:0, Mem TCO
004:00:0 -> 000:31:6, Mem TCO
005:00:0 -> 000:31:6, Mem TCO
006:00:0 -> 000:31:6, Mem TCO
007:00:0 -> 000:31:6, Mem TCO

Thrpt
MB/s
{Min)
0.995
7.914
7.981
0.245
8.048
0.093
8.048
0.082
7.981
0.081
0.005
155.702
0.005
155.249
0.005
61.527
0.005
58.388
78.250
109.382
62.196
44,703

Thrpt
MB/s
(Avg)
21.175
6189.918
6833.574
22.834
6841.318
23.177
6844.803
23.386
6845.320
23.116
0.889
186.383
0.892
184.474
0.873
1042.631
0.859
1051.490
148.991
153.033
271.715
285.667

Thrpt
MB/s
(Max)
1502.353
11387.661
11387.661
1526.181
11387.661
1507.059
11387.661
1523.765
11387.661
1521.356
16.124
468.472
15.949
214.913
16.188
2765.319
1.904
2770.340
200.774
204.816
2601.922
2726.789

378.000 ns
338.000 ns
338.000 ns
2.522 us
338.000 ns
2.554 us
338.000 ns
2.526 us
338.000 ns
2.530 us
3.954 us
274.000 ns
3.962 us
284.000 ns
3.962 us
288.000 ns
3.958 us
288.000 ns
304.000 ns
298.000 ns
302.000 ns
302.000 ns

Resp. time
(Avg)
1.172 us
376.760 ns
382.470 ns
3.152 us
382.450 ns
3.202 us
382.440 ns
3.198 us
382.410ns
3.212 us
6.335 us
332.680ns
6.252 us
329.720 ns
6.371 us
425.760 ns
6.363 us
428.030 ns
416.230 ns
402.730 ns
399.540 ns
395.230 ns

Resp. time
(Max)
3.834 us
482.000 ns
478.000 ns
15.562 us
474.000 ns
41.170 us
474.000 ns
46.490 us
478.000 ns
46.918 us
807.882 us
456.000 ns
804.430 us
378.000 ns
805.082 us
526.000 ns
813.442 us
516.000 ns
780.000 ns
558.000 ns
614.000 ns
578.000 ns

204.000 ns
174.000 ns
174.000 ns
2.360 us
174.000 ns
2.390 us
174.000 ns
2.370us
174.000 ns
2.386 us
3.796 us
178.000 ns
3.790 us
168.000 ns
3.786 us
174.000 ns
3.794 us
178.000 ns
192.000 ns
194.000 ns
190.000 ns
198.000 ns

Latency (Avg)

1.009 us
210.050 ns
216.120 ns

2.986 us
215.810 ns

3.035 us
216.210 ns

3.032 us
216.160 ns

3.045 us

6.168 us
230.490 ns

6.084 us
227.480 ns

6.203 us
248.020 ns

6.195 us
248.270 ns
312.830 ns
300.040 ns
283.240 ns
277.180 ns

Categorized Performance analysis

3.662 us
304.000 ns
304.000 ns
15.396 us
312.000 ns
40.994 us
312.000 ns
46.322 us
304.000 ns
46.774 us
807.708 us
300.000 ns
804.254 us
274.000 ns
804.902 us
354.000 ns
813.274 us
338.000 ns
676.000 ns
454.000 ns
510.000 ns
474.000 ns
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ning

i@ Timing Calculator Queue View

= View submission and
completion Queues

= Compare Queues to
see where overloading
IS occurring

= Verify if submission
and completion queues
are equal and that
nothing was lost




NVMe Command IOPS Statistical
fshmemoy senmt INfOrmMation

[Z) fst Seup Bresss Gensste Ggpon Seenn w ook Weoow bep

=3 - : : =] 7] = CE ) B[] 0 o [aoal) 4B

Trace View
] R D_[T: Address [1st BE[Last BE LERC
2575 01100000 006:00.0 0_|[00000004.6600D620|| 1111 | 1111 ||4 dwords|| Ox164ABFTC 0000 . 270 319 004 5
H saiD [con | o | MPTR | nLB  PRINEO Fua LR o ACCFE ACCL SEQR INCOM
| Read 0x000A | Ux000A | 0x0000 | | ] 4188F000 | (0000000 COOODC0D | | DOCOU000. 00006510 | [0x0000|  Ox0 0 [0 | N frequ provided | None | 0 [
H caip | cio | MPTR | PRP1 PRP2 HLB  PRINFOQ FUA LR DSM ACCL SEQR INCOM
Read (Jal](M]A_(Jx(JII(]Al IIb[)Z][KJ] D000 [KJII(JI](JI](J' D0000004: 41881 000 | | 00000000: 00000000 | | 000000 00006511 | | Ox0000 0wl 10 () No frequency information provided | Mone
M Cmd SQID [caio [ cio | MFTR [ Pprei | FRPz = ACCL SEQR INCOM
RE] Read 0x000A | 0x000A | 0x0000 | [ 00000000 00000000 | | C0000004: 4188F000 | | Q0000000 HO0 it
M Cmd [(SaD [caip | cio_| MPTR I~ eren | erez SPLIT: Pending Regues
18681 | Fead Ox000A | x000A | Gx (000 | | 00000000 | | 20000004: 4188F000 | | GOG00000. GO0 SPUT: Response Time | o | o |
H S0iD [ caio | cb | MPTR | SPLIT: Latency Time ACCL SEQR INCOM
L Read 0x000A | Ux000A | 00000 | | | 4188F000 | | 0000000D: DO SPLIT: Throwg ansa
W caib | co | MPTR ] PRP1 PRP2 SPUT: Respanse Time & SPLIT: Latency Time ACCL SEGR INCOM
Read 0x0004 | 030004 | 0x0000 | [ 00000000: 00000000 | | DOCHOO04: 4188 000 | [COO0CO00: DO Memary Writes: Response Time 1
"NVM Cmd S0 [caip [ cip | MPTR I eFrRP1 PRP2 M ¥ Wiites: ACCL SEQR INCOM
15594 Read 0x000A | Ix000A | 00000 | | 00000000 00000000 | | POGD0004:41B8F000 | | D0G00000: 000 Packet len
M Cmd [Saio [ cap [ ao | MPTR [ fren | prez [EEE on ACCL [SEQR INCOM
5 | Fead Ox000A | x000A | Gx (000 | | 00000000 | | 20000004: 4183F000 | | 00G00000. GO0 Data Theoughput | o | o |

Packet Count

CpuasciTirming maskers not el NVM Cor nd 10FS

Downstream Packet ler

VM Command 1085

Wl ”h ‘ Al LUl | I 41100 0T T | I I
XTH00 MTH00 B0 MEN00 NEA0 AE00 2EBE00 260000 269200 400 27, 7.

AW MAS0 TEH0 IN0N0 W20 400 0500 ZNED 7Ll 7L y 280 ¥ 2600 W00 30 3




Trigger on doorbell latency > 3 msec

e
Flash Memory Summit

-
RvMe Cmd cap | co | MPTR NLB PRINFO FUA LR ACCL SEQR INCOM —
985008 Read OxOOOS ‘ OxUOOSIOxOMS ”0x00000000 00000000| 0x00000004:01684000 || 0x00000000:00000000 || 0x00000000:001ADDDO || 0x0007 No frequency information provided | None
ELBAT ELBATM [Device ID | MN | Explicit SQyTDBL ~ ExplicitilOSQ  ExplicitlOCQ  Explicit CQyHDBL.
0x00000000 || 0x0000 | 0x0000 Generic Command Status| Successful Completion || 001:00:0 [SAMSUNG MZVLB1TOHALR-00000 || NVMe #3382591 [NVMe #3382946 | NVMe #3383337 | NVMe #3383341 || 0x00000001 4

ne Stamp
74504212000 s

2 560 us |000

sap [ cap | ao || MPTR NLE PRINFO FUA LR ACCL SEQR INCOM
985007 Resd uxooue]oxuooe|0xoacs||0xooouoooo oouooooo| 0x00000001:1A857000 || 0x00000000:00000000 || 0x00000000:00045248 |[ 0x0007 | 0x0 No frequenc; informstion provided | Nens
WMN ExplicitI0CQ __ Implicit CQyHDSL [NSID |1 # NVME Trans
NvMe #3386725 || — |
SDbl - CDbI SDbl - CCmd SCmd - CCmd | [Time Delia Time Stamp
380001.879) 3.083ms | 3.081ms | 1.508ms 5.054 us [0004.874 506 772 000 s

NVMe #3386721
KvMe Cmd SQb | cQb | db MPTR NLE F‘HM=O FI.M I..R ACCL SEQR INCOM
965008 Read 0x0002 | 0x0002 |0x00A8 m_ 0000:00000000 || 0x00000001:23F89000 || 0x00000000:00000000 || 0x00000000:00083680 || 0x0007 No frequency |nfurmal|on provided | None
SCT sSC | Device ID | Expllm SQyTDBL Implicit 105Q (entry index: 2) ExplicitIOCQ  Explicit CQyHDBL Meln - #NVME Trans
0x00000000 || 0x0000 [ 0x0000 Generlc NVMe #3382834 | NVMe #3382840 =

Explicit SQyTDBL Implicit 10SQ (entry index: 2)

0x00000000 || 0x0000 | 0x0000 Generic Command Status| Successful Complehon 001:00:0 ‘SAMSUNG MZVLB1TOHALR-00000

10PS

NVMe #3382594 NVMe #3384724

Resp.time Latency Pld. Byle: Thrpt MB/s
3.083ms |1.508 ms 0.000

Command Statulll Successful Caompletion | 001:00:0 [SAMSUNG MZVLB1TOHALR-00000 | NVMe #3382598 NVMe #3382715
4
S —E QuickTiming markers not se
UERTSTHEVI LI aEE  Configuration Space for device 255:31:7 as of packet #0 ) Configuration Space for device 255:31:7 as of packet #0
Ho&E &8 g Go
o
NUME Performance ~ Bl C o SDbl-CDbl(Min)  SDbl-CDbl(Avg)  SDW- CDbl (Max)  SDbl-CCmd (Min)  SDbl- CCmd (Avg)  SDbl-CCmd (Max)  SCmd-CCmd (Min)  SCmd-CCmd (Avg)  SCmd-CCmd (Max)  Total
#-HIN Queue Performanc 8 49,762 us 449.848 us 24469 46,798 us 4771 us 2443 ms 45,956 us 36732 us 2341 ms 236441
HinE Q”“; Time: Metri [ 0g 52,570 us 810,537 us 2952 49,398 us 808.439 us 2.950 ms 48,640 us 317.292 us 234 ms 270497
i \:?f £ 62130 us 443.360 us 2506 m 57,934 us 446222 us 2.504 ms 46.907 us 316,697 us 2214 ms 236350
mhME 00'1' ;00 Y 59,141 us 678.390 us 3.005 ms 56,542 us 676.285 us 3,004 ms 49.017 us 36732 us 2292 ms 266636
=]~ o 3
e Read 3 63.355 us 449,715 us 2517 ms 61,805 us 447571 us 2516 ms 317,564 us 2332 ms 237953
NE Wite “ 50.733 us 748,337 us 3.083 ms 49,144 us 746.251 us 3.081 ms 317.387 us 2214 ms 269710
MM Total Traffic g 53.592 us 430414 us 2337 ms 51.543 us 448277 us 2.335ms 317109 us 2.306 ms 237889
@] Errors g 52.889 us 738.108 us 2871 ms 49972 us 735.998 us 2,869 ms 317.262 us 2141 ms 269158
3 el
1M LM Transactions & 2024634




(ﬁj] Conditional performance analysis
fuh ey it USING Verification scripting

Extract metrics within a defined range
LBA drive access pattern

Queue access distribution

Low power states entry / exist

Multiple NVMe commands per TLP
referenced by time stamps



W

s —
Flash Memory Summit

VSE script example

OnStartScript() {

ReportText("OnStartScript called...");

ReportText("\n\nRunning...\n");

EventCount = O;

SendAllChannels();

SendAllTraceEvents();

#SendLevelOnly( _NVMC);

#SendLevelOnly( _SPLIT);

#ScriptForDisplayOnly();

# Comment the line below - if you want to enable output from ReportText()-functions.
DisableOutput();

filePtr = OpenFile("C:\\Documents\\test.csv");

WriteString(filePtr,"Start time, Response time, latencyTime, LBA, Length, QID, FUA"); }



& VSE script example

I

Flash Memory Summit

ProcessEvent() {

respTime= in.Metric_ResponseTime;

latencyTime=in.Metric_LatencyTime;

time=in.Time;

throughput=in.Metric_Throughput;

CMD = in.nvmcCommandOpCode;

NLB = in.Read_NLB;

SLBAO = in.Read_SLBA_DWoO0;

SLBA1 =in.Read_SLBA_DW1;

SLBA =in.Read_SLBA,;

SQID = in.nvmcSubmissionQueuelD;

if(CMD!=1) FUA =0; else FUA = in.Write_FUA,;

if (SQID!= 0) { ReportText(FormatEx("%s,%s,%d,%s,%d,%d,%d",CSV_Val TimeStamp_Seconds(in.Time ),
CSV_Val_TimeStamp_Seconds(respTime), CMD, (SLBA), (NLB+1), SQID, FUA));

WriteString(filePtr,FormatEx(*'%s,%s,%:s,%s,%d,%d,%d",CSV_Val_TimeStamp_Seconds(in.Time ),
CSV_Val_TimeStamp_Seconds(respTime),CSV_Val_TimeStamp_Seconds(latencyTime),

(SLBA), (NLB+1), SQID, FUA)): }
if( EventCount == MAX_NUMBER_OF EVENTS) ScriptPassed(); EventCount++; return Complete(); }
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LBA

[ 0744338]  0000819348f  2/0x8000000000000000

| 07444270  o000087518]  2/0x8000000000000000

| 9744522] 0001432268  2/0xC000000000000000

| o7447¢] 00008339  2Jox8000000000000000
___-
___-
| o74s125)  0000837508)  2lx8000000000000000 | i 3
| o74522] 000144462 2lxC000000000000000 | 4 3
| o74s464)  0000901324]  2lx8000000000000000 | i s
| o74576) 0000903012  2lx8000000000000000 | i 3
| 974586  0001566428)  2/xC000000000000000 | 4 3
| 97460270 0003569364 2lx8000000000000000 | 13 3
| 9746389 000089634 2lx7Fesozooo0000000 | il 3
| o74e483)  o0000s98ssl  2lx8OF4030000000000 | il 3
| o74ee62)  0001507236)  2/x8000000000000000 | i s
| 9747032  o0o0oo72846)  2lx8000000000000000 | i 1]
| 9747208 0001502092 2lxc000000000000000 | 4 3
| o747268) 0003540652 2lx8000000000000000 | 13 3
| o747632)  oooosss7sgl  olxrresozoooooo0000 | il 3
| 97477270 00008609  2lx80F4030000000000 | i 3
| 97479070 0000801716 2lx8000000000000000 | i 3
| 9748059 0000653244 2lx8000000000000000 | i s
| 0748137  o0o0ooess132]  2lxg000000000000000 | il s
_-_-
| o748421] 000069338  2lx8000000000000000 | i s
___-

SSD traffic statistics

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001

Response time

il

it




i@ NVMe Analyzer mode summary

Flash Memory Summit

« Keep only NVMe transactions
« Link layer and physical layer traffic truncated
« PRP/SGL Data payload truncated

 NVMe transactions selectively included
* Long recordings made possible

e Enables utilization of advanced metrics
e Trap long latency events
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