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exFAT IP for NVMe Demo Instruction

Rev2.1 14-Mar-22

1 Overview

This document describes the instruction to run exFAT-IP for NVMe demo on FPGA development
board for accessing one NVMe SSD. The demo is designed to run Format disk, Write file, Read
file or Shutdown command. User controls test operation via FPGA console.

FPGA board setup for exFAT-IP demo is the same as in NVMe-IP demo. So, the user can setup
the FPGA by followingid g _nvmei p_f pgasetupod document
https://dgway.com/products/IP/NVMe-IP/dg_nvmeip_ fpgasetup xilinx_en.pdf

After finishing the FPGA configuration, the initialization message is displayed. The user can
choose to format the disk or not.

Initialization message ¢ :Userlnput

- ¢ : Message to User
+++ exFAT-IP For NUMe (EVALUATION) Test design [IPUer = 1.2] +++
> NUMeIP C(EVALUATION> [IPUer = 4.2] +++

Maiting IP initialization
IP initialization complete

= User select to
lPPess 'y’ to confirm format disk =) format disk or not

Input other keys (‘n’) to skip format operation

he disk must he formatted hy exFAT-IP
ress 'y’ to confirm format disk =

‘Y’ to confirm to format disk

he disk must he formatted by exFAT-IP
ress 'y’ to confirm format disk =>

urrent time created : 24/69/2018, 17:Ef:33

ancel format disk

Fess g §0 Chonge Gine created ile size in disk 536 870 [MB]
--— Enter FileSize ——- Input other keys (n’) to aximum file in disk : 95 File
[31532 MB use default created time ::;?ugli;linpgisﬂlr“tory il24\ File Current system
E%}%Eg ng and date for new directory A N information

: -- Main menu ——— 7/ \
Ei}% gg [@]1 : Fopmat Disk / \ | -
[51:32 GB [11 7 ¢ e
[61:128 GB Eg} (H) » DIR0CO .4¢,I| Search DIRO \\ i
L Setect fie size | . ~ \

library = Shage with v New folder

IFar'mat Disk cumplete.l System information is updated

—
ile size in disk : 33.554 [MB] Name ~/ Date modified Type
aximum ;iie in disk : %gg:4pFile £
aximum file per directory : ile ! 9/24/2018 5:35 PM BIN File
otal file in disk : @ File e LEES :

__, 0000001.BIN 9/24/2018 5:35 PM BIN File

-—- Main menu -—- N .

[@] : Format Disk __, 0000002.BIN 9/24/2018 5:35 PM BIN File
3] ¢ Eriee Tl _J0000003BIN | 9/24/2018535PM  EINFile
[3]1 : Shutdown Command Main menu to select

F the command

Figure 1-1 exFAT-IP initialization message

For the new disk which has never been formatted by exFAT-IP, user mustenter6y 6 t o f o1
disk. Otherwise, user enters other keys to skip format process. After that, the system information

in the disk are displayed, i.e. current file size, maximum file in the disk, maximum file per directory,

and total file in the disk. Finally, the IP is ready to receive command from the user.
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2 Test Menu

2.1 Format Disk

Select 06006 to send FxATARR The stap 0 kun Eoometrmanmand is as

follows.
¢ : User Input
Format by 32 MB file size ¢ : Output to User
|
+++ Format Command selected +++ 1 4{ ‘¥’ to confirm format disk ‘
Press 'y’ to confirm format disk =>

Display default time cr‘eated |

|Current time created : 24/09,2018, 1?:35=ﬂglj

Press 'y’ to change time created =Ty 2 Input Y’ to set time created l
Wear <1980 - 218675~ => [y - !
Invalid input : Parameter not change INPutinvalid value to use same value |
Month <1 - 12> —> 10 - :

Date <1 — 31) >|1ie Input valid value to

:nour Eg - Eg; > %%’ — change date/month/
inute = .
Second 2-Sec unit <@ - 29) 3 hour/min/sec

Date and I;mg Changed
Current time created : 18-/160,2818, 11:30: 1@_‘ New dEfaUIttlme |

Set time created

——— Enter FileSize ——-

[A1:32 MB

[11:128 MB

[2]1:512 MB

[31:2 GB Valid file size

[4]:8 GB

[51:32 GB

[61:128 GB _

=>[o! | Set file size=32MB_|

po,.m\gt Disk complete. Current system information

after finishing Format command

File size in disk 33.554 [MB]

Maximum file in disk : 15244 File
Maximum file per directory : 1824 File
Total file in disk : B File

——— Main menu ——-

[B]1 : Format Disk

[1] : Write File

[2] : Read File

[3]1 : Shutdown Command

v

Figure 2-1 Format Disk menu when updating the created time

1)Enter¢g 6 t o Fomnatbpgemtion or other keys to cancel the operation. When Format
is run, the default value of created date and time is displayed. This value is applied to be
created date and time of empty directories, created by Format command.

2)Enteroy 6 t o change c raaherkelys tdusd tlee defaultvaluei Theee are
Six parameters to set created date and time for empty directories, i.e.
a) Year T Year of created date. Valid range is 1980 i 2107.

b) Month I Month of created date. Valid range is 11 12.

c) Date i Date of created date. Valid range is 1 1 31.
|
|
|

d) Hour ' Hour of created time. Valid range is 01 23.
e) Minute " Minute of created time. Valid range is 01 59.
f) Second ' x2 Second of created time. Valid range is 01 29.
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The input is received as decimal unit. User adds i 0 x be atprefix for hexadecimal input.
If the input is invalid, the parameter does not change (the same value is used). Only the
input in the valid range is applied to update the parameter.

As shown in Figure 2-1, year parameter is invalid, so the value does not change (2018 is
applied). Month, date, hour, minute, and second are valid, so these parameters are
updated to the new default value. After that, i Dat e aen dc hTainng etliehewa n c
created time and date are displayed on the console.

Format by 512 MB file size

+++ Format Command selected +++

Pres=s *y' to confirm format disk => y
Current time created : 24-09-2018. 17:35-00
Prezz "y’ to change time created =H 52)
AN
EE; ggtEEBFileEize - Input other keys (<9
[11-128 ME to use default time
[21:512 MB
[31:2 GB i ize =
[3li2 & Set file size =512 MB |
[G1:32
[61:72% GB
=3[2\°/

Format Disk complete.

File size in disk : 536.878 [MB1]
Maximum file in disk : 952 File
Maximum file per directory - 1824 File
Total file in disk : A File
Mai File size and maximum file in disk
——— Main menu —-— . . N
[A]1 : Format Disk are updated following file size input

Fr4 7 = l.fae .. T2~

Figure 2-2 Format Disk menu when using the default created time

Figure 2-2 shows the example when running Format command without updating created
time.

3) Select file size of the disk which is listed on the console. After receiving file size from user,
the IP starts Format operation.

AFornag k ¢ oamgthesupdatéd system information are displayed after finishing
Format command.

Figure 2-1 and Figure 2-2 show the different file size but the same disk capacity. As a
result, maximum file in the disk is reduced when file size is increased.

When file size is invalid, the operation is cancelled, as shown in Figure 2-3.
Note: Default created time after system boot up is 24 Sep 2018, 17:35:00. When user

sets the new created time in Format menu or Write file menu, the new value is updated to
the new default value
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Error file size

——— Enter FileSize ——
[A1:=32 HMB
[11:128 HMB
[21:512 MB
[31:=2 GB
[4]1:8 GB

EE]:3§ GB Input invalid value |
=3 — Error message when
[Invalid input operation is cancelled

——— Main menu —-—

[A]1 = Format Disk

[11 : Write File

[2]1 : Read File

[31 = Shutdown Command

Figure 2-3 Result from Format Disk menu when select invalid file size

When the disk formatted by exFAT-IP is connected to PC, DG_exFAT drive is detected with
512 empty directories (DIR000<15t directory> - DIR1FF<512™ directory>). Modified date of
the empty directories is equal to the created date, set in the test.

Note: When connecting disk to PC, please do not create, write, or modify data in the disk. If
the disk has some modification, the disk must be re-formatted by exFAT-IP.

Drive name = DG_exFAT BB (EOR =53
nputer p DG_exFAT (H:) r v ] 49 || Search DG_exFAT (H ol
512 empty directories are | library Share with v Newfolder 4= v [ @
=

‘\\\\\\\ . DIR00O 10/10/2018 11:30 AM File folder
g DIROOA 10/10/2018 11:30 AM File folder
I DIR00OB 10/10/2018 11:30 AM File folder
DIR0OC 10/10/2018 11:30 AM File folder
. DIROOD 10/10/2018 11:30 AM File folder
DIROOE 10/10/2018 11:30 AM File folder
. DIROOF 10/10/2018 11:30 AM File folder

DIROAO 10/10/2018 11:30 AM File folder -

- < n »

Date modified: 10/10/2018 11:30 AM

Figure 2-4 512 Empty directories after finishing Format Disk command
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2.2 Write File
S e | e casend Write fite command to exFAT-IP. The step to run Write file command is as
follows.
Write File with setting created time
[

+++ Ypite File selected +++ ‘ Set time created ‘
: urrent time created : 24-/09-/2018, 17:3|5jg_|j Display default time created |

Tess 'Y L0 change time created = [vi1 S - T
:¥earl d(1988 — 2%37) => Eh___________ |nput Y’ to Change time | !

nvalid input : Parameter not change e F F
Month <1 o 12> z { Input invalid value to use sall'ne value |
|Rate E%' - g%g =§ 13 Input valid value to change |,

our - = -
:H:i.nute (@ - 595 =514 month/date/hour/min/sec :
|Second 2-Sec unit (B - 29> => |14 |
Date and Time Changed | New default time ‘ |
[Current time created : [14/02,2018, 14:14:28] :

————— T - ———————————————— — - |[nput other keys (not ‘y’) to use

tart file No. <@x0000000> _ recommended start file number

ress 'y’ to change start file No. =>

Input NUM of file (Ox0080AR1 — Bx80 8C> => BxBBBB-‘lB

elected Pattern [B1Inc32 [11Dec32 [21A11 6 [31A : PSR

ile size = 33.554 [MB1 . NUM of file = 1824[Filel . Total size = 34.35% [GB]
2.3780 [GB]

4.701 [GB] Input total file

7.836 [GB] and test pattern

‘ | Current transfer size

30.488 [GB1

32.831 [GB] Output performance
Total = 34.359 [GB1 Time = 14669Ims 1] Transfer speed = 2318[MB/s]

ritten file = Dir#BB-/BBBHHAA.BIN — DirBBB/BWAWA3IFF.BIN

Last file : DirvdB/00BA3FF . BIN

L Main menu —- \

[[@]1 : Format Disk T _ L. .

[1]1 : Urite File Last file is in the device File listin this command
[2]1 : Read File File name and directo ath File name and directo ath
[31 : Shutdown Command ( ry path) || ( y path) y

Figure 2-5 Result from Write File menu with setting time created
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1) Similar to Format command, enter6y 6 t o reatecadatgand time or other keys to use

the default value. There are six parameters to set created date and time for the new file.

a) Year T Year of created date. Valid range is 1980 1 2107.

b) Month T Month of created date. Valid range is 11 12.

c) Date i Date of created date. Valid range is 11 31.
|
|
|

d) Hour T Hour of created time. Valid range is 01 23.
e) Minute T Minute of created time. Valid range is 0 1 59.
f) Second T X2 Second of created time. Valid range is 01 29.

The input is received as decimalunit. Us er adds 0 Goxhexadeoimabimputdf p 1
the input is invalid, the parameter does not change (the same value is used). Only the input
in the valid range is applied to update the parameter.

As shown in Figure 2-5, year parameter is invalid, so the value does not change (2018 is
applied). Month, date, hour, minute, and second are valid, so these parameters are
updated to the new default value. Afterthat,i Dat e neohdngd d 0 themelv created
time and date are displayed on the console.

2) Input other keys (n ot 6 gedhe recommeanded start file no. The console displays the
recommended value which is the next value from the latest write file.
Note: I n p u t changedstart fike no. is allowed for replacing the old file. After running, the
data in the old file is replaced by the new one.

3) Input NUM of file i Input total files to transfer in this command. After finishing write file
operation, Filename <Start file No>.BIN - Filename <Start file No + NUM of file - 1>.BIN are
stored in the device. The input is decimal unit when input only digit number. User can add
A O to de prefix for hexadecimal input.

4) Input test pattern i Select pattern of test data in the file. Five patterns can be set, i.e. 32-bit
incremental, 32-bit decremental, all-0, all-1, and 32-bit LFSR counter.

After all inputs are valid, total data size (calculated by file size x Num of file) is displayed on the
console. Next, Write file command is operated. During writing file, current transfer size is
displayed on the console every second to show that system is still alive. Finally, total size, total
time usage, and test speed are displayed on the console as the test result.

The number of files per directory is limited, so the new files may store in the different directory.
After finishing Write file command, the console displays the 1%t file and the last file which has
just written with the directory path (calculated by <file name>/<maximum files per directory>).
Finally, the console displays the last available file in the disk which may not be equal to the last
file in the latest write test when the user runs the write file test for replacing the files.
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Write File without setting created time

+++ Write File selected +++ Input other keys (M9 to
Current time created : 14,-@2,2818. 14:14:28 | use current created time
Press ‘y' to change time created =3 n( )

= The recommended file name, calculated

Start file No. [(PxPRAR4AA) | from the last file name (Ox00003FF + 1)
Press 'y’ to change start file Mo. =>n

Input NUM of file (AxARAA0A1 - AxBAA37EC) => BxP000608
Selected Pattern [B1Inc32 [11Dec32 [21A11_8 [3]1A11_1 [4]1LFSR=> 8
inlgﬁgizuem? 33.554 [MB1 . NUM of file = 1536[Filel . Total size = 51.5%3%7 [GE]

4.718 [GE]

44 686 [CR1 F|I_e list in this cqmmand

46 .958 [GB] (File name and directory path)
49 .308 [GB]

J22[MB-=1

[
ile

Last f

Last file is in the device

——— Main menu —-— ; ;
[81 : Format Disk (File name and directory path)
[1]1 : UWpite File
[2] : Read File
[3]1 : Shutdown Command
L
Figure 2-6 Result from Write File by using current created time
Figure 2-6 showstheexampl e t o Write File by wusing curr

this test is updated from the previous write test. The previous write test in Figure 2-5 writes
fil e @A0O0O00OAOCOOBE:FOBB INM Othe resoonmend ed A St ar t f i KO8
(OXO0003FF + 1). After finishing creating 1536 (0x600) file, Ox0000400.BIN 1
0x00009FF.BIN are available and the last file in the disk is updated to be OXxO0009FF.BIN.
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When plugging the device to PC, PC detects the files in subdirectory of DG_exFAT drive.
The 1stfile in the disk is 0000000.BIN (stored in DIR00O). File size and modified date of each
file are equal to the created date and created time, set in Write File test.

Note: When connecting disk to PC, please do not create, write, or modify data in the disk. If
the disk has some modification, the disk must be re-formatted by exFAT-IP.
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er »!' DG_exFAT (H:)
L

1°! File name = 0000000.BIN

Name /

|| 0000000.BIN

Date modified

__| 000000A.BIN
__] 000000B.BIN
__] 000000C.BIN
] 000000D.BIN
| 000000E.BIN

] 000000F.BIN

ANAAANA AN NDIAL

Fiqure 2-7 Example test files written 7bv Write File command

—
ESN

2018 2:14 PM

Dl
Lo~

2018 2:1X PM
2018 2:14 PRM

Type

BIN File
BIN File
BIN File

nyss

Ske

32,768 KB

32,768 KB

32,768 KB

Amen rn

Modlf ed Date Time created in the example

2018 2:14 PM
2018 2:14 PM

[l
Lo

N NN NN NN

WAMIO N1 N

—rreTT

BIN File
BIN File

nIAL ro

=T oTTIC

a1 ca

__ __ __ | 1°*File stores in DIR000 Lo -8 m)
T35 [ Searcn DIRO0 o |

v folder = = )

File size = 32 MB ©
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Figure 2-8 Test data in sector#0 - #1 of fil eD00H000.BINOby increment/LFSR pattern

Test data is split into 512-byte unit. For incremental, decremental, or LFSR pattern, each
512-byte data has the different 64-bit header which consists of 48-bit address (calculated by
<file name x file size> + offset in the file) and 16-bit zero value. 48-bit address is the unique
value for each 512-byte data. The unique header is not included when running all-0 or all-1
pattern

The data after 64-bit header is the test pattern, selected by user. The example data in file
f0OO00000 . BI NO0 wh e n wncrerental pattednastinathe kefy window of Figure 2-8.
The right window of Figure 2-8 shows the example when test pattern is LFSR pattern. The
header (byte#0-byte#7) does not depend on test pattern (incremental, decremental, and
LFSR). After that, the test data of test pattern is filled.
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