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1 Overview

This document provides instructions for running the muNVMe-IP demo on an FPGA development
board. Prior to executing the test, please refer to the “dg_nvmeip_fpgasetup” document for setting
the test environment. Once the demo configuration file has been downloaded to the FPGA, a
welcome message will be displayed, as shown in Figure 1-1.

IP Name IP Information

buNUHeIP|Test designl[IPUer = 1.21[+++
aiting € Linkup

PCle speed and

number of lanes
Cle Gen3 x4 Device Detect]

aiting IP initialization

muNUMeIP menu —-—

: Identify Command
Write/Read Command
SMART Command
Flush Command
Shutdown Command

Main menu

mwWNE® |
e e e el Sl |
WE B RR ER

Figure 1-1 muNVMe-IP main menu

The welcome screen presents the default message, which includes the IP name and version
number, confirming the successful completion of FPGA configuration. Subsequently, when a PCle
connection is established, the screen will show the PCle speed and the number of PCle lanes.
Finally, the console will display the test menu. The menu offers five options for sending various
commands to the muNVMe-IP.

The Write/Read command menu allows two users to simultaneously send Write/Read commands
to an NVMe SSD. The other commands (Identify, SMART, Flush, and Shutdown) can be
requested by as single user (User#0) without sending Write/Read command requests to the other
user (User#1l). Further details about each test menu will be covered in the following topic.
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2 Test Menu
2.1 Identify Command

To send the Identify command to NVMe SSD via User#0 I/F, select option ‘0'.

++ Jdentify Command selected +++

odel Number INTEL SSDPF21Q8868GB
SD Capacity 800ALGB]

ata size per LBA 512[Byte]l

Model name, SSD Capacity, and LBA unit

——— muNUMeIP menu ——

[@] : Identify Command (Output from Identify command)
[1]1 : UWrite/Read Command

[2]1 : SMART Command

[3] : Flush Command

[4] : Shutdown Command

Figure 2-1 Test result when running ldentify command

Once the operation is completed, the console will display the output of the Identify command,
which includes three values.

1) SSD model number : This value is obtained by decoding the Identify controller data.
2) SSD capacity : This value is the signal output from the muNVMe-IP.
3) Data size per LBA : This value is the signal output from the muNVMe-IP. It can have

two values - 512 bytes and 4 KB.

16-Nov-23 Page 3



dg_munvmeip_instruction_en.doc m

2.2

Write/Read Command

To initiate the Write/Read command, select option ‘1’. Each user’s parameters can be
configured independently in the submenu. The console displays the submenu of User#0 and
User#l, respectively. Within this submenu, users can select the command as Write, Read,
or no operation. Additionally, users can set the maximum data rate for executing Write/Read
commands. Consequently, the test system facilitates real-world scenario testing by enabling
multiple commands while limiting the maximum speeds for specific users.

2.2.1 Write command

Two-user Write Single-user Write ¢ :Userinput
—_— ¢ : User output
+++ Wpite/Read Command selected +++ (+++ Urite/Read Command selected +++
En;n_'[e_st_pa:nn:te_x El_Llf:aﬁ ______ e) 5 Tuserso Input Enter Test parameter for User#d
Enter Command [@1Write [1]Read [Z]Dlsahle )IE, '2 Enter Command [@B1Write [1I1Read [2]Dlsab1e =0
Enter Start Address (512 Byte) : @ - Bx5D26CEAF =>|A T (3) Enter Start Address (512 Byte) : @ - Bx5D26CEAF => @
Enter Length (512 Byte) : 1 - Bx5D26CEBA =>|Bx40B0ARET Enter Length (512 Byte) : 1 - Bx5D26CEB@ => Bx4000000
elected Pattern [B1Inc32 [11Dec32 [2]911 _@ [31A11_1 [4]LFSR=)> (4) Belected Pattern [B1Inc32 [11Dec32 [2]A11_@ [31A11_1 [41LFSR=)> 4
[Enter maximum speed in percentage of 4408 MB/s : 1 - 188 =) [18@)-. — Enter maximum speed in percentage of 4480 MB/s : 1 - 180 => 100
aximun speed = 4466 MBs _5_ o Maximun speed = 4488 MB/s
Enter Test parameter for Userdil User#1 Input Enter Test parameter for User
[Enter Command [@1Write [1]Read [2]Disable => @ Enter Command [B]Write [1]Rea.d [21Disahle =>
[Enter Start Address (512 Byte) : B - Bx5D26CEAF =) Bx10ARARAA Disable User#1
[Enter Length (512 Byte) : 1 - Bx4D26CEBB => 0x4000000 UsertB
Belected Pattern [B1Inc32 [11Dec32 [21A11_@ [3]A11_1 [4]LFSR=)> 4 3.817 [GB]
Enter maximum speed in percentage of 4460 MB/s : 1 - 180 => 100 6.828 [GB]
Haximum speed = 4488 MB/s 9.842 [GB] Current transfer size
Useri® Usenitl 27196 [GB] of active user
1.566 [GB] 1.567 [GB] 20,149 [CB]
3.128 [GB] 3.129 [GB] 33.154 [CB] Output performance
4.692 [GB] 4.693 [GB] 154 i
. . I Current transfer size e T of active user
i Ser T1Ce resu
29. %9 12B] 29,714 2D o active user fotal =  34.359 [GB] , Tine = 11400lns] , Transfer speed = 3014["5/9:|
31.275 [GB] 31.277 [GB] I —
32.838 [GB] 32.839 [GB] Qutput pi_erformance (8] : Identify Connand
Isert® Write result of active user (1] : Write/Read Command
Total = 34.359 [GB] , Tine = 21973[ns] , Transfer speed = 1563(MB/s1| [2] : SHART Connand
Pserftl Write result (4] : Shuzd nngan d
Total = 34.359 [GB] , Time = 21973[ms] , Transfer speed = 1563[MB/s] * shutdown Lomman

Figure 2-2 Write command by 1-2 users at maximum speed

As shown in Figure 2-2, the user must specify the five inputs for operating the Write

command, which are described in detail as follows.

1) Command: Select the command type - Write, Read, or Disable (no operation).

2) Start Address: Specify the start address to write the SSD as a 512-byte unit. The input is
in decimal unit when the user inputs only digits. The user can add “Ox” as a prefix for
hexadecimal units. When the LBA unit of SSD is 4 KB, this input must be aligned to 8.

3) Transfer Length: Specify the total transfer size as a 512-byte unit. The input is in decimal
unit when the user inputs only digits. The user can add “Ox” as a prefix for hexadecimal
units. When the LBA unit of SSD is 4 KB, this input must be aligned to 8.

4) Test pattern: Used to select the test data pattern for writing to the SSD. The user can
choose from five patterns, including 32-bit incremental, 32-bit decremental, all O, all 1,
and 32-bit LFSR counter.

5) Maximum Speed: Set the maximum speed as a percentage of 4,400 MB/s. Valid values
range from 1 to 100. It is noted that 4400 MB/s is derived from multiplying the user clock
frequency (275 MHz) by the data width (128-bit), exceeding the maximum throughput of
4-lane PCle Gen3 speed.

Once all the inputs are valid, the operation begins. During the command execution, the

console will display the current amount of write data for each active user every second to

indicate that the system is still running. Upon completion of the operation, the console will
display the total size, total time usage, and test speed of each active user.
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Figure 2-2 demonstrates the results obtained when running the Write command with
two-user and a single user. The total performance achieved by the two users (1563 x 2 =
3126 MB/s) and the single user (3014 MB/s) are nearly identical.

Figure 2-3 illustrates an example where the maximum speed is limited for User#1. While
User#0 is set to 100% to assess the best Write performance, User#1 have their maximum
speed set to 7% or 308 MB/s.

Two-user Write ¢ : Userinput
Limited maximum speed ¢ : User output

+++ lprite/Read Command selected +++

Enter Test parameter for UseriB
Enter Command [@BlWrite [1]Read [21Disabhle => @

Enter Start Address (512 Byte) : @ - Bx5D26CEAF => 0
Enter Length (512 Byte> : 1 - Bx5D26CEBB => ﬁx4ﬁlllll
Selected Pattern [@1Inc32 [11Dec32 [2]911 a [31011_1 [4]1LFSR=
i centage of 4400 MB/s : 1 - 180 =>(100 |
axinun speed = 4460 MB/s
b ron Toot tor £ MaxlltTum speed of User#0 | | input maximum speed
nter Test parameter for User
Enter Connand [1Urite [11Read [21Disable => B of User#0 and User#1
Enter Start Address (512 Byte) : B - Bx5D26CEAF =)> Bx10000000
Enter Length (512 Byte) : 1 - Bx4D26CEBA => Bx780000
Selected Pattern [B]!nc32 [11Dec32 [2]911 8 [3]911_1 [41LFSR=> 4

rcentage of 4400 MB/s : 1 - 188 =) 7
| Maximum speed of User#1 |

aximum speed = 308 MB/s

Userttd Userhi
2.747 [GB] 368.725 [MB]
5485 [CB] 616.295 [MB]
al.zza [GB] 924i299 (81 | urrent transfer size
27.427 (GBI 3.080 [GB] of active user
39,179 [GB] 3.388 [GB]
32.913 [GB] 3.696 [CB]

serfiB@ Write result

otal = 34.359 [GB] , Time = 12527[ms] , Transfer speed = 2742[MB/s]
serfil Urite result

Total = 4.026 [GB] , Time = 13873[ms] , Transfer speed = 3B7[MB/s]
-—= nuNUMeIP menu —— Output performance
[B] : Identify Command of active user

[1]1 : Urite/Read Command
[2]1 : SMART Command

[31 : Flush Command

[4] : Shutdown Command

Figure 2-3 Write command by 2-user with limited maximum speed

The result in Figure 2-3 shows the higher performance of User#0 compared to User#l.
Considering the previous result indicating a maximum Write performance of approximately
3126 MB/s for the SSD, it is expected that User#0’s performance should be limited to 3126 —
308 = 2818 MBY/s, which closely matches the actual result.

Since User#0’s expected write performance (2818 MB/s) is around nine times the write
speed of User#1 (308 MB/s), the transfer size of User#0 is set to be eight times that of User1.
This ensures that the write operation of two channels is completed simultaneously. As a
result, the speed of each user remains relatively constant throughout the entire duration of
the operation.
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—_Test data of 32-bit increment pattern

4-64-bit header of each 512-bytes

Test data
(32-bit increment)

48-bit address

(512 byte unit) 0x0000

v

o
-

«4-64-bit header of each 512-bytes

Test data

(32-bit LFSR)

48 bit address 0x0000

Test data of 32-bit LFSR pattern———————p

64-bit header

Figure 2-4 Example Test data of the 15t and 2" 512-byte by using incremental/LEFSR pattern

64-bit header

Offset 001 2 E F| o 1 2f 3 4 5 sf 7 8 9 A* B c:fn E F
00000000 | [0 00 oo oo oo _ooj[oo _oo] [01_oo o0 00)[0z 00 00 00
00000010 D4 00 00 00 0% 0D 04 00 00 00 09 00 00 00 12 00 00 00 24 00 00 00
00000020 08 00 00 00 09 00 00 00 0A 00 00 00 OB 00 00 00| 49 00 00 00 92 00 00 00 24 01 00 00 49 02 00 00
00000030 0C 00 00 00 OD 00 00 00 OE 00 00 00 OF 00 00 00| 92 04 00 00 24 09 00 00 49 12 00 00 92 24 00 00
gooooon40 10 00 00 00 11 00 00 00 12 00 00 00 13 00 00 00 24 49 00 00 49 92 00 00 92 24 01 00 24 49 02 00
goooooso 14 00 00 00 15 00 00 00 16 00 00 00 17 00 00 00 49 92 04 00 92 24 09 00 24 49 12 00 49 92 24 00
00000060 18 00 00 00 13 00 00 00 1A 00 00 00 1B 00 00 00| 93 24 49 00 27 49 92 00 4F 92 24 01 9E 24 49 02
I st 00 1D 00 00 00 1E OO0 00 00 1F OO0 0O O0OO0J 3C 49 92 04 79 92 24 09 F3 24 49 12 E7 49 92 24
, The1"S12-bytedata o >1 19 gp 0o 22 00 00 00 23 00 00 00| CF 93 24 49 SE 27 45 92 3D 4F 92 24 7A SE 24 49
00000090 24 00 00 00 25 00 00 00 26 00 00 00 27 00 00 00| F§ 3C 49 92 EB 79 92 24 D7 F3 24 49 AE E7 49 92
000000AD 28 00 00 00 29 00 00 00 24 00 00 00 2B 00 00 00| SD CF 93 24 BA 9E 27 49 75 3D 4F 92 EB 74 9E 24
000000OBO  2C 00 00 00 2D 00 00 00 2E 00 00 00 2F 00 00 00| D7 FS 3C 49 AE EB 79 92 SC D? F3 24 BE AE E7 49
000000CO 30 00 00 00 31 00 00 00 32 00 00 00 33 00 00 00| 70 5D CF 93 E0 B 9E 27 C1 75 3D 4F 83 EB 74 9E
000000D0 34 00 00 00 35 00 00 00 36 00 00 00 37 00 00 00| 07 D7 FS 3C OE AE EE 79 1D 5C D7 F3 3B ES AE E7
D00O0ODED 38 00 00 00 33 00 00 00 34 00 00 00 3B 00 00 00| 77 70 SD CF EE E0 BA 9E DC C1 75 3D BE 83 EB 74
D000OOFD  3C 00 00 00 3D 00 00 00 3E 00 00 00 3F 00 00 00| 70 07 D? FS E0 OE AE EE C1 1D 5C D7 83 3B BS AE
00000100 40 00 00 00 41 00 00 00 42 00 00 00 43 00 00 00 07 77 70 5D OE EE E0 BA 1C DC C1 75 39 B8 83 EB
00000110 44 00 00 00 45 00 00 00 46 00 00 00 47 00 00 00| 73 70 07 D7 Eé E0 OE AE CD C1 1D 5C 94 83 3B BS
00000120 48 00 00 00 43 00 00 00 44 00 00 00 4B 00 00 00| 34 07 77 70 68 OE EE E0 D1 1C DC C1 A3 39 BS 83
00000130 4C 00 00 00 4D 00 00 00 4E 00 00 00 4F 00 00 00| 47 73 70 07 SE E6 E0 OE 1D CD C1 1D 34 94 83 3B
00000140 50 00 00 00 51 00 00 00 52 00 00 00 53 00 00 00| 74 34 07 77 E9 68 OE EE D3 D1 1C DC A6 A3 39 BS
00000150 54 00 00 00 55 00 00 00 56 00 00 00 57 00 00 00| 4C 47 73 70 98 SE E6 E0 31 1D CD C1 63 3A 94 83
00000160 58 00 00 00 53 00 00 00 SA 00 00 00 SB 00 00 00| Cé 74 34 07 8D E9 68 OE 1B D3 D1 1C 37 A6 A3 39
00000170 5C 00 00 00 5D 00 00 00 SE 00 00 00 SF 00 00 00| 6E 4C 47 73 DC 98 8E E6 B8 31 1D CD 70 63 3A 9
00000180 60 00 00 00 61 00 00 00 62 00 00 00 63 OO0 00 OO0 E1 Cé 74 34 C3 8D E9 68 86 1B D3 D1 0D 37 A6 A3
00000190 64 00 00 00 65 00 00 00 66 00 00 00 67 OO0 00 00| 1A 6E 4C 47 34 DC 98 8E 68 B8 31 1D DO 70 63 3A
000001AD 6% 00 00 00 63 00 00 00 6& 00 00 00 6B 00 00 00| A0 E1 Cé 74 41 C3 8D E9 83 86 1B D3 06 OD 37 A6
000001BO  6C 00 00 00 6D 00 00 00 6E 00 00 00 6F 00 00 00| 0C 14 6E 4C 18 34 DC 98 30 68 BS 31 60 DO 70 63
000001CO 70 00 00 00 71 00 00 00 72 00 00 00 73 00 00 00| CO AD E1 Cé 81 41 C3 8D 03 83 86 1B 07 06 0D 37
000001DO 74 00 00 00 75 00 00 00 76 00 00 00 77 OO0 00 00| OF OC 1A 6E 1F 18 34 DC 3F 30 68 BS 7F 60 DO 70
000OOLE0 78 00 00 00 79 00 00 00 74 00 00 00 7B 00 00 00| FF CO A0 E1 FF 81 41 C3 FE 03 83 86 FD 07 06 0D
000001F0  7C 00 00 00 7D 00 00 00 7E 00 00 00 7F 00 00 00| FA OF 0C 14 F4 1F 18 34 E9 3F 30 68 D3 7F &0 DO
00000200 [01 00 00 00 00 00 00 00] 82 00 00 00 83 00 00 00 |[01 00 00 00 00 00 00 00] 02 00 00 00 04 00 00 00
e s~ T == Q[§5 00 00 00 86 00 00 00 87 00 00 00 | 09 00 00 00|12 00 00 00 24 00 00 00 49 00 00 0O
| The 2% 512-byte data qyg9 0o 0o 00 24 00 00 00 8B 00 00 00 | 92 00 00 0OW24 0L 00 00 49 02 00 00 92 04 00 00

Test data in the SSD is divided into 512-byte units. For incremental, decremental, and LFSR
patterns, each 512-byte data has a unique 64-bit header that consists of a 48-bit address (in
512-byte units) and a 16-bit zero value. The data following the 64-bit header is the test

pattern selected by the user.

The left window of Figure 2-4 shows an example when using a 32-bit incremental pattern
while the right window shows an example when using a 32-bit LFSR pattern. The unique
header is not included when running an all-0 or all-1 pattern.

16-Nov-23
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When a user runs the Write/Read command with a 4KB LBA SSD, a message is displayed
on the console to show the input limitation, which must be aligned to 8, as shown in Figure
2-5. If the input is not aligned to 8, the console displays “Invalid input”, and the operation is

cancelled.

LBA alignment error Recommended message

Invalid input

1
nter Start Hddress (512 Byte)

when LBA unit = 4 Kbyte

1l [Lengthl]l in unit of 8 |
D~ Bx209097AF =>

: = Ux2Hy => HAx8
: 1 - Bx289A97BA =>

(512 Byte>

[al
[11
[21
[31
[41

muNUMelIP

When LBA unit = 4 KB and length is not
Ident if| aligned to 8, error message is displayed.
Urite/Read Gommand
SMART Command
Flush Command
Shutdown Command

Figure 2-5 Error message when the input is unaligned for SSD with 4KB LBA unit

Figure 2-6 shows an example when the input is out of the recommended range for each
parameter. The console displays “Invalid input”, and then the operation is cancelled.

Error input

nter Test parameter for Userii@ Invalid command
nter Command [B1Yrite [1]Read [2]1Disable =>[§J
Invalid input

Enter Test parameter for Useri
Enter Conmand [B1rite [11Read [21Disahl | Out of range address

dress (512 Byte) -iaxza 9A97AF | => | BxFFFFFFFF |
Invalid input

Enter Test parameter for Use
Enter Command [B]Write [1]Read [2]D1sable => 0 ‘Outofrangelength

Enter Start Address <512 Byte> H I_E::ZES.ES..'ZR.E_I E?
512 Byte> : -[9x2089A97B0 | => [@xFFFFFFFF |
[Invalid input

Enter Test parameter for UserilB
Enter Command [B1Write [1]Read [21Disable => @

Invalid input

Enter Start Address (512 Byte> : B - Bx209A97AF => 0 lid patt
Fnter Length (512 Byte) - Bx209A97BB => amaaaaﬁ_’“"a' pattern |
rn [B1Inc32 [11Dec32 [21311 _® [31A11_1 [4]ILFSR=>

Enter Test parameter for UserilB
Enter Command [B1Write [1]Read [21Disable => @
Enter Start Address (512 Byte> H B - Bx209A97AF => 0 Out of range
Enter Length (512 Byte) - Bx209A97BO => Bx4EB
lected Pattern [B]Inc32 [11Dec32 [2]911 0 [3]1A

n maximum speed
speed in percentage of 4400 MB/s |1 - 1l0|—> 120
Invalid input

16-Nov-23

Figure 2-6 Error message from the invalid input
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2.2.2 Read Command

Two-user Read Single-user Read ¢ : Userinput
-

¢ : User output
+++ lrite/Read Conmand selected +++ [#++ Wpite/Read Command selected +++
Enter Test pavameter for UserH@ 1
Enter Command [@1Write [1]Read [2]Dlsable }E. [2)
Enter Start Address (512 Byte) = B - Bx5D26CEAF =X A1 ([ 3)
Enter Length (512 Byte) i 1 - Bx5D26CEB@ =)>| Bx40000A0T
Selected Pattern [@1Inc32 [11Dec32 [2]H11 _@ [31A11_1 [4]LFSR=X 4]
Enter maximun speed in percentage of 4400 MB/s : 1 - 188 =>[1

User#0 Input Enter Test paraneter for User#d

= nter Command [@1Write [1]Read [2]Disah1e =>1
nter Start Address (512 Byte) E - @x5D26CERF => @
. nter Length (512 Byte) - Bx5D26CEBB =) Ox4000000
(4) Selected Pattern [B]Inc32 [11Dec32 [2]011 8 [3]A11_1 [4]LFSR=> 4
o Enter maximum speed in percentage of 4400 MB/s : 1 - 188 => 100

Maxinum speed = 4488 MB/s 3) Maxinum speed = 4400 MB/s
Enter Test parameter for Userfl User#1 Input Enter Test paraneter for Userffl
Enter Command [@1Write [1]Read [21Disable =) 1 Enter Command [B1Wpite [11Read [21Disable =>|2 |
Enter Start Address (512 Byte) 1 @ - Bx5D26CEAF =) Bx10PARA0A
Enter Length (512 Byte) t 1 - Bx4D26CEB@ =) Bx4000000 User#B
Selected Pattern [B1Inc32 [11Dec32 [2]A11_ @ [3]A11_1 [4]LFSR=> 4 2.988 [GB]
Enter maximum speed in percentage of 44808 MB/s : 1 - 100 => 160 5.955 [GB]
Maxinum speed = 440@ MB/s 8.933 [GBI] Current transfer size
| of active user
User#td Userfil 26.800 [GB]

1.651 [GB] 1.652 [GB] 29.778 [GB]

3.297 [GB] 3.298 [GB] 32.756 [GB]

4.946 [GB] 4.947 [GB] Current transfer size

| | of active user Usert® Read result

29.678 [GB] 29.679 GBI Total = 34.359 [GB] , Time = 11538Ims] , Transfer speed = 2977[MB/s]
31.326 [GB] 31.328 [GB] L muNuHeIp nenu ——— Qutput performance
32.97 [GB] 32.977 [GB] @] : Identify Command of active user
[1] : Write/Read Command

User#® Read result [2] : SMART Comnand

Eutai}i-n i 34. 159 [GB] , Time = 2083%[ms] , Transfer speed = 1648[MB/s1||[3] : Flush Command

ser ead result [4]1 : Shutd G d

Total = 34.359 [GB] , Time = 20839[ns] , Transfer speed = 1648[MB/s] wfown “onman

-—— nuNUMeIP nenu -—- Output pt_ar‘formance

(01 : Identify Command of active user

[11 : Write/Read Command
[2] : SMART Command

[3]1 : Flush Command

[4] : Shutdown Command

Figure 2-7 Read command by 1-2 users

For operating the Read command, the user must specify the five inputs, which are described

in detail as follows.

1) Command: Select the command type - Write, Read, or Disable (no operation).

2) Start Address: Specify the start address to read the SSD as a 512-byte unit. The input is
in decimal unit when the user inputs only digits. The user can add “Ox” as a prefix for
hexadecimal units. When the LBA unit of SSD is 4 KB, this input must be aligned to 8.

3) Transfer Length: Specify the total transfer size as a 512-byte unit. The input is in decimal
unit when the user inputs only digits. The user can add “Ox” as a prefix for hexadecimal
units. When the LBA unit of SSD is 4 KB, this input must be aligned to 8.

4) Test pattern: Used to select the test data pattern for reading and verifying data from the
SSD. The test pattern must match the one used in the Write command menu. There are
five available patterns: 32-bit incremental, 32-bit decremental, all 0, all 1, and 32-bit LFSR
counter.

5) Maximum Speed: Set the maximum speed as a percentage of 4,400 MB/s. Valid values
range from 1 to 100.

When valid inputs are provided, the test system reads data from the SSD. During the
execution of the Read command, the console displays the current amount of read data
every second to indicate that the system is still running. Upon completion of the operation,
the console will display the total size, total time usage, and test speed of each active user.

Figure 2-7 shows the comparable total read performance between two-user (1648 x 2 =
3296 MB/s) and a single user (2977 MB/s). However, in cases where inputs are invalid or not
aligned to 8 (in relation to 4-KB LBA SSD connection), an “Invalid input” message is
displayed.
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Note: The read performance of most SSDs is enhanced when using larger buffer sizes.
When executing a Read Command with two users, the total buffer size is twice that of a
single user. Therefore, the read performance of two users might surpass that of a single

user.
4| Verification error without cancellation l [ Verification error with cancellation }7
+++ Upite/Read Command selected +++ +++ Upite/Read Command selected +++
Enter Test parameter for Userild Enter Test parameter for Userii@
Enter Command [@]Write [1]Read [2]Disahle =1 Enter Command [@1Urite [1]Read [2]Disahle =>1
Enter Start Addeess (512 Byte) B - BxSD26CEAF => @ Enter Start Address (512 Byte) B - Bx5D26CEAF => @
Enter Length (512 Byte> = Bx5D26CEBB => Bx40000AA Enter Length (512 Byte) - Bx5D26CEBB => 0x4000000
Selected Pattern Iﬂ]ln532 [11Dec32 [2]811 a [319111 [4]LFSR= l] Selected Pattern [l]lnc32 [11Dec32 [2]911 _A [31a11_1 [4]LFSR=> @
Enter naximum speed in percentage of 4480 MB/s : 1 - 1608 =) 16U Enter maximum speed in percentage of 4400 MB/s : 1 - 188 => 1008
Maxinun speed = 4480 MB/s \\ Maximun speed = 4408 MB/s
Enter Test parameter for Useriii Wrong pattern |Eptep Test parameter for User
Enter Command [@1Write [1]Read [2]D13ah1e =1 Enter Command [B1Urite [1]Read [2]Dlsahle =>1
Enter Start Address (512 Byte) B - BxSD26CEAF =) 0x16AEGR0 Enter Start Address (512 Byte) : @ - Bx5D26CEAF => Bx100PARAA
Enter Length (512 Byte) - @x4D26CEBA => @x4PRBARA_/ Enter Length (512 Byte) : 1 - Bx4D26CEBO => Bx4000080
Selected Pattern [@1Inc32 [11Dec32 [2]911_3 [31A11_1 [4]LFSR=) 0 | Selected Pattern [@1Inc32 [11Dec32 [2]1A11_8 [31A11_1 [4]LFSR=> @
Enter maximun speed in percentage of 4480 MB/s : 1 - 100 => 160 Enter maximum speed in percentage of 4408 MB/s : 1 - 188 => 100
Maxinun speed = 4400 MB/s Maximum speed = 4488 MB/s
erify fail in Usertd ] lewifu £3il in Useri®
ist Error at Byte Addr = @x00AAAG00 Message when at Byte Addr = BxBBPOBEEO
Expect Datal127:8] = Bx00A0AA03_AAROARD2 _AAAAARAA_BARABABR | \erification is failed (tal127:8] = @x00000003_APARAAG2_NNNORRPE_BRRAAABD
Read Datal127:0] = 0xBOBAE0G2_NARAABE]_BBBBOBRB_BOBOBBRD | | '\\c .o [127:0] = Px000BANA2_ARARAAA1_0ANARARE_AR0R0AGA
Press any key to cancel operation . L key to cancel operation
erify fail in Usenitl - hen M1 in User#l
1st Error at Byte Addr = @x0PAE0A20 Message when at Byte Addr = Bx000EEH20
Expect Datal127:81 = (x@0AAAAAI_ARARAAE2_ARAGAARA_1 00 verification s failed \¢51127:9) = Ix00000AN3_PAANARA2_0AAARAAD_100P0A00
Read Datal127:0] = Bx40000002 20000001 _ARAAGRAA_1 In User# [127:0] = @x400BPAB2_200PAA01_NANARARA_1 ARAAARA
Press any key to cancel operation | Fress any key to cancel operation
Userid User#t User#d Useritl User enters some keys
1.651 [GB] 1.652 [GB] 1.651 [GB] 1.652 [GB] :
3.297 [GB] 3.298 [GB] 3.297 [GB] 3.298 [GB] to cancel the operation
4.946 [GB] 4.947 GBI Operation is cancelled
| I Please reset system hefore starting a new test
29.678 [GB] 29.679 [GB] . ___ Message when operation is cancelled ‘
31326 [GB) 31.328 [GB] o ?ug‘gﬂﬁi‘wggmﬁd
32.9% [GE] 32.977 LG [1] : Urite/Read Command
'1 Output performance of active user )
[2] : SMART Command
serli@ Read result [3] : Flush Command
otal = 34.359 [GB] , Time = 2083%Ims] , Transfer speed = 1648 [MB/s] [4] : Shutdoun Conmmand
serffl Read result
otal = 34.359 [GB] , Time = 2083%[ns] , Transfer speed = 1648[MB/s]

--- muNUMeIP menu -—
[@] : Identify Command
[1]1 : Urite/Read Command
[2] : SMART Command

[3] : Flush Conmand

[4]1 : Shutdown Command

Figure 2-8 Data verification has failed

In case of a failed data verification during Read command, an error message is displayed on
the console, as shown in Figure 2-8. The message “Verify fail in User#<i>”" (where i’ is the
user index ranging from 0 to 1) is displayed with information about the first failure data, such
as the error byte address, the expected value, and the read value.

To cancel the Read operation, the user can press any key(s). However, if the operation is not
cancelled, it will continue running until it finishes. Once it has finished, the output
performance is displayed on the console.

Though the operation is cancelled, the Read command continues running as a background
process and may not finish in a proper sequence. Therefore, it is recommended to power off
and then power on both the FPGA board and adapter board (if connected) after cancelling
the operation.

16-Nov-23 Page 9



dg_munvmeip_instruction_en.doc m

2.2.3 Mixed Write/Read command

Mixed Write-Read Mixed Write-Read ¢ : Userinput
by Intel P5800X SSD by WD Black SN850 [ ¢ : User output
+++ |Ipite/Read Command selected +++ +++ llpite/Read Command selected +++
= User#0 Input
Enter Test parameter for Userh® (1) — Enter Test parameter for Useritd
nter Connand [B1Write [11Read [2]D13&h13 '>[Eﬁ_j (2 ‘ . Enter Command [B1Urite [1]Read [2]Dlsah1e =0
nter Start ﬂddP!SS (512 Byte) : @ - BxSD26CEAF =) ) Enter Start Address (512 Byte) 1 @ - Ox74786DAF =) @
nter Length (512 B : 1 - Bx5D26CEBB => 5X4mmﬁﬁﬂm Enter Length (512 Byte) : 1 - Bx74706DB0 =) Bx4000000
elected Pattern [6]Inc32 [11Dec32 [2]&11 ) [3]H11_1 [4 ) Selected Pattern [ﬂ]lnc32 [11Dec32 [2]ﬂll 8 [3]H11_1 [4]LFSR=) 4
nter maximun speed in percentage of 4408 MB/s : 1 - 108 )- Enter maxinun speed in percentage of 4480 MB/s : 1 - 160 =) 168
axinum speed = 4480 MB/s .5) Maxinum speed = 4400 MB/s
nter Test parameter for Userd User#1 Input |Eatep Test parameter for Userfil
nter Conmand [B)rite [1lRead [21Disahble -[1] Enter Connand [BMMrite [11Read [21Disable =) 1
nter Start Address (512 Byte) 3 - BxSD26CEAF =) Bx10000000 Enter Start ﬂddress (512 Byte) : @ - Bx74706DAF =) Bx1000A000
nter Length (512 Byte) - Bx4D26CEBA => Gx4000060 Enter Length (512 B : 1 - Bx64786DB8 =) Bx4AAAAAA
Selected Pattern [BIIHC32 [11Dec32 [21911 0 [31A11_1 [4]LFSR=) 4 Selected Pattern [ﬁ][nc32 [11Dec32 [2]“11 @ [31A11 1 [4]LFSR=> 4
E"tEP naxinun speed in percentage of 4408 MB/s : 1 - 100 =) 108 Enter maximun speed in percentage of 4480 MB/s : 1 - 188 =) 180
Maxinun speed = 4480 MB/s Maxinum speed = 4460 MB/s
Useritd Useritl Useritd Userit
2.565 [GB] 2.567 [GB] 2.7% T[GBI 1.563 GBI
5.123 [GB] 5.125 [GB] 5.553 [GB] 3.124 [GB)
7.684 [GB] 7.687 [GB Current transfer size 8.334 [GR] 4.683 [GB]
of active user 11.116 [GB] 6.248 [GB] Write and Read
28.169 [GB] 28.171 [GB] | |
30.738 [GB] 38.732 [GB] 27.811 [GB] 15.637 [GB]
33.298 [GB] 33.293 [GB] Output performance 38.589 [GB] 17.199 [GB]
- — 33.372 [GB] 18.764 [GB)
Userd Write result of active user Conplete 22.031 [GB
[otal = 34.359 [GB] , Time = 13417[ns] , Transfer speed = 2568[MB/s] Complete 24.741 [GB]
Iseritl Read result Conplete 27.451 [GB] Read Only
fotal = 34.359 [GB] , Time = 13417[ns] , Transfer speed = 256B[MB/s] Complete 308.162 [GB]
Complete 32.872 [GB] Output performance
of active user i

Userl Wpite result

Total = 34.359 [GB] , Time = 12353[ms] , Transfer speed = 2781[MB/s]
Userll Read result
Total = 34,359 [GB] , Time = 17962[ms] , Transfer speed = 1919[MB/s]

Figure 2-9 Test result when running mixed Write/Read command

As shown in Figure 2-9, the user must specify the five inputs for operating the Write and

Read commands, which are described in detail as follows.

1) Command: Select the command type - Write, Read, or Disable (no operation).

2) Start Address: Specify the start address to write/read the SSD as a 512-byte unit. The
input is in decimal unit when the user inputs only digits. The user can add “Ox” as a prefix
for hexadecimal units. When the LBA unit of SSD is 4 KB, this input must be aligned to 8.

3) Transfer Length: Specify the total transfer size as a 512-byte unit. The input is in decimal
unit when the user inputs only digits. The user can add “Ox” as a prefix for hexadecimal
units. When the LBA unit of SSD is 4 KB, this input must be aligned to 8.

4) Test pattern: Used to select the test data pattern for writing to the SSD or verifying from
the SSD. The user can choose from five patterns, including 32-bit incremental, 32-bit

decremental, all 0, all 1, and 32-bit LFSR counter.

5) Maximum Speed: Set the maximum speed as a percentage of 4,400 MB/s. Valid values
range from 1 to 100.

Once all the inputs are valid, the operation begins. During the command execution, the
console will display the current amount of write data or read data for each active user every
second to indicate that the system is still running. Upon completion of the operation, the
console will display the total size, total time usage, and test speed of each active user. If an
error is found from invalid input or failed data verification, an error message is displayed on
the console.
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Figure 2-9 illustrates how SSDs respond to mixed Write-Read commands. On the left side,
the write performance of User#0 matches the read performance, allowing simultaneous
completion for both User#0 and User#1. In contrast, on the right side, the Write command
shows better performance compared to the Read command, resulting in the completion of

the Write command before the Read command finishes.

Full speed
by Intel P5800X SSD

Limited Read speed
by Intel P5800X SSD

¢ : Userinput
¢ : User output

+++ lpite/Read Command selected +++

Enter Test parameter for Useriid

nter Conmand [B1Hrite [1]Read [2]D1sah1e 1]

nter Start Address (512 Byte) : @ - Bx5D26CEAF =) @

nter Length (512 Byte) : 1 - Bx5D26CER@ => Bx4000000
elected Pattern EBIlnc32 [11Dec32 [2]H11_B [31A11_1 [4]LFSR=> 4
nter maxinun speed in percentage of 44080 MB/s : 1 - 1080 =)[100 ]
nter Test parameter for Userkl

axinun speed = 4468 MB/s
er Full speed
nter Cowand (81Mrite (11Read (21Disable =)(T] o spee

+++ pite/Read Conmmand selected +++

nter Test paraneter for UserHd

nter Command [@1Write [1]Read [21Disable =) @

nter Start Address (512 Byte) : @ - Ox5D26CEAF => @

nter Length (512 Byte) : 1 - Bx5D26CEBA =) Bx4000060
elected Pattern [B]Inc32 [11Dec32 [2]A11_0 [31A11_1 [4]LFSR=) 4
nter maximum speed in percentage of 4480 MB/s : 1 - 108 =) 160
axinum speed = 440@ MB/s

nter Test paraneter for Userii
nter G d [@1Wpite [1]Read [2]Disah1e =1

Enter Start Address (512 Byte) 1 @ - Bx5D26CEAT => Bx10000060
nter Length (512 Byte) : 1 - Bx4D26CER@ => Bx4000000
Belected Pattern [81]nc32 [11Dec32 [2]“11 @ [31a11_1 [4]ILFSR=) 4

nter Start Address (512 Byte) B Bx5D26CEAF =) Bx10000000
nter Length (512 Byt - Bx4D26CEBA =) Bx1000000

e)
Clected Pattemn [81Inc32 [11Dec3? [zmu 0 [31A11_1 [4]LFSR=) 4
nter maxinun speed in percentage of 4408 MB/s : 1 - 100 =) [16B|— nter maximun speed in percentage of 4400 MB/s : 1 - 180 =)
Maxinun speed = 4460 MB/s axinun speed = 448 MB/s —
[ Limited Read speed ]
Usertd Useril Userttd Userti
2.565 [GB] 2.567 [GB) 2.934 [GB] 440,992 [MB)
5.123 [CB] 5.125 [GB] 5.868 [GB] 860.381 [MB]
7.684 [CB] 7.687 [GB) 8.798 [GB 1.328 [GB)
| I
26.169 [GB) 28.17 [CB) 29.299 (GBI 4.488 [GB]
30.730 [GB] 30.732 [GB) 32.229 [GB] 4.849 [GB)
33.298 [GB] 33.293 [GB) C'mllﬂete 5i533 (GBI
Iserttd Write result Complete 7.868 [GB] Write speed increases
Total = 34,359 [GB] , Time = 13417[ns] , Transfer speed = 256B[MB/s] Conplete 8.240 [GB) when Read speed is limited
Userfl Read result
Total = 34.359 [GB] , Time = 13417[ns] , Transfer speed = 256@[MB/s] [serf® Write result .
Total = 34.359 [GB] , Time = 11727[ns] , Transfer speed|= 2929[MB/s]
serfil Read result
Total = 8.589 [GB] , Time = 19522[ms] , Transfer speed = 439[MB/s]
Figure 2-10 Mixed Write-Read command with limited maximum Read speed
Figure 2-10 showcases an example result involving two users: one for the Write command
and the other for Read command, operating at both maximum and limited speeds. When
operating at maximum speed, as shown on the left side, the performance of both Write and
Read commands equal 2560 MB/s. In various applications, the Read command is
commonly utilized for system monitoring at lower speeds, while the Write command is
utilized at the highest speed to log data. Therefore, the example on the right side of Figure
2-10 aims to evaluate the maximum achievable Write speed while simultaneously operating
the Read command at a slower speed.
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2.3 SMART Command

To send a SMART command to the NVMe SSD via User#0 I/F, select option ‘2’. Once the
operation is completed, the console will display the SMART/Health Information output, as
shown in Figure 2-11. This information includes both the Health status and SMART log
information.

+++ SMART Command selected +++ Data output decoded

{{ Health Status >> from SMART command
Remaining Life : 1060z

{{ SMART Log Information >>

|Percentage Used : 6z

Temperature : 26 Degree Celsius

Total Data Read : 35717 GB

Total Data Read (Raw data> : BxBRNARNAG_NRNRARRN_NRARNNAN_0A4286647
Total Data Written : 45178 GB

Total Data Uritten (Raw data) : Bx0PPPRGA0_NORGROAD_NRRARRNBR_A5425472
Power On Cycles : 222 Times

Power On Hours : 31 Hours

Unsafe Shutdowns : 45 Times

SMART Command Complete

——— muNUMeIP menu ———
[B] : Identify Command
[1] : Urite/Read Command
[2]1 = SMART Command

[3]1 : Flush Command

[4] : Shutdown Command

Figure 2-11 Test result when running SMART command

The Health status displays the remaining life of the SSD as a percentage, which is
calculated from the Percentage Used value in the SMART log information. The SMART log
information displays the following seven parameters.

1) Percentage used: The percentage of the SSD’s lifespan that has been consumed.

2) Temperature: The temperature of the SSD in degree Celsius.

3) Total Data Read: The total amount of data that has been read from the SSD, displayed in
GB/TB units. Additionally, the raw data without decoding is displayed as a 32-digit hex
number (128 bits). The unit size of raw data is 512,000 bytes.

4) Total Data Written: The total amount of data that has been written to the SSD, displayed in
GB/TB units. Additionally, the raw data without decoding is displayed as a 32-digit hex
number (128 bits). The unit size of raw data is 512,000 bytes.

5) Power On Cycles: The number of times the SSD has been powered on.

6) Power On Hours: The total amount of time in hours that the SSD has been powered on.

7) Unsafe Shutdowns: The number of times the SSD has experienced an unsafe shutdown.
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2.4

2.5

Flush Command

To initiate a Flush command on the NVMe SSD, select option ‘3’ from the menu. The Flush
command ensures that all modified data in the cache memory is written to Flash memory in
the SSD.

+++ Flush Command selected +++

Flush Command Complete |Message after )
finishing the operation

——— muNUMeIP menu ———

[B] : Identify Command
[1]1 : UWrite/Read Command
[2] : SMART Command

[3]1 = Flush Command

[4] : Shutdown Command

Figure 2-12 Test result when running Flush command

Once the Flush operation is completed, the consoled will display the message “Flush
Command Complete”.

Shutdown Command

To send a Shutdown command to the NVMe SSD via User#0 I/F, select option ‘4’.

4 : User input
¢ : User output

——— muNUMeIP menu ——

[B] : Identify Command
[1] : Write/Read Command
[2]1 : SMART Command

[3]1 = Flush Command

[4] : Shutdown Command

| Confirmation massage \_
+++ Shutdown Command selected +++

Are you sure you want to shutdown the device now ?
Press 'y’ to confirm =|:}————ﬂ

Press ‘y’ to confirm

hutdown command is complete
he device has turned off...

! Last message before muNVMe-IP
and SSD are inactive status

Figure 2-13 Test result when running Shutdown command

A confirmation message will be displayed on the console, and the user will need to enter ‘y’
or Y’ to proceed with the operation. Press any other key to cancel the operation.

Once the Shutdown operation is complete, “Shutdown command is complete” will be
displayed as the final message. The console becomes inactive. To begin a new test
operation, the user will need to power off and on the test system.
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3 Revision History

Revision Date Description
2.0 16-Nov-23 Add maximum speed limitation feature
1.0 14-Jun-22 Initial version release
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