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Introduction

Aim Is to promote questions & discussion

Advantages of the Waveshare 10 board,;

Storage media : SATA vs. NVMe;
Preparing a multi-partition NVMe drive.

Interfacing to the media (PCI express):
Pinebook Pro, CM4 10, Titanium, ARMX®6.

Missing items on 10 boards
How to do fan control & add real time clock.
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Who am 1?

| have been interested In computer
programming, in BASIC, since 1972
My name is Chris Hall
Chartered Mechanical Engineer
Career In Nuclear Safety, now retired

Have used RISC OS to publish several books
Maintain a web site

Volunteer on a Heritage Railway
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Notes of the talk

| shall be using a printed set of notes for
the talk which are available at:

http://www.svrsig.org/RTalk.pdf

Advantages of Waveshare 10 board:
Small footprint, uses CM4
On-board socket for fast storage (NVMe M.2);
Can add extra sockets: 2 USB + 1 HDMI
Fan control & real time clock can be added
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Waveshare Mini-A or Mini-B

Difference: on-board RTC + fan controller
— but RISC OS cannot ‘see’ these

Uses CM4 - can be clocked to 2000 MHz
— S0 long as cooling Is provided

Just room to add RTC & fan on header
Linux can use on-board RTC and fan
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Other IO boards

Pi Foundation
Access to ‘RUN’ pin (can add ‘reset’ switch)
Can choose storage medium for PCle slot;
Easier to control speed of 12V fan.

GeekPi1 DeskPi Mini (aka PIRO Qube)

Similar to Waveshare Mini-A/Mini-B;
ICPUClock can control on-board fan;
Nice case
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Waveshare board - with
RTC & fan complete
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Waveshare board —
(pass around the table)
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Limitations: storage media

Storage speed is limited by interface clock
SDIO (SDFS, eMMc) 50MHz (50MB/s)

And
And

SAT

PCle Gen 1 (Titanium) 2Gb/s (200MB/s)
PCle Gen 2x1 (10 board) 4Gb/s (400MB/s)
PCle Gen 2x2 (PBPro) 8GB/s (800MB/s)

oy filing system (Filecore/RAMfSs)
oy medium:

'A: 540MB/s, NVMe: 7200MB/s
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Performance since 1994

1994

2001

2008 2015
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Different storage media

Serial Advanced Technology Attachment
SATA: Serial interface — up to 540MB/s

Non Volatile Memory Express
NVMe: low latency and some parallelism;
Interface — up to 3500MB/s

Comparison

NVMe has potential to offer much better
random read/write speed than SATA
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Different storage media

Drive Basic model RISC OS HD Read |[HD Write |FS Read [FS White |HD Read |HD Write |FS Read |FS Wite
Sabrent 512GB NVMe over USB RISC OS 9% 3% 3% 3% 35929 37236 134 136
Sabrent 512GB NVMe over USB Linux 9% 3% 135% 33% 37000 39800 6645 1672
NVMe Sabrent 512GB Ws 10 Mini-A |5.29 12-Jun-2023 102% 29% 749% 181% | 406000 | 395000 | 36900 9287
SanDisk 128GB SSD Pi IO ADFS::5 36% 12% 31% 27% 141784 | 162217 1543 1374
SanDisk 240GB SATA Titanium :4 5.24 16-Apr-2018 31% 7% 51% 49% 121663 | 91022 2524 2536
V/ series 240GB SATA Pi IO ADFS::5 |RISC OS 90% 25% 30% 31% 356879 | 337317 1489 1603
\/ series 240GB SATA Pi IO ADFS::5 [Linux 98% 28% 453% 109% | 391000 | 386000 | 22300 5609
RAMfs 1500MB 100% 100% 100% 100% | 397433 | 1362629 4928 5134

Important for copying files etc.
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Results from Linux shown thus

Variability between different SATA drives
NVMe speed bounded by RAMfs and Linux

HD read/write bounded by interface 400MB/s
NVMe FS read/write offers more potential
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Different storage media

Detailed discussion SATA vs. NVMe
Potential limits with RISC OS (filecore/RAMfs)
How | did the testing (using Linux for NVMe)
How NVMe looks to RISC OS over USB

Notes available www.svrsig.org/SSDs.pdf

Conclusion

NVMe has potential to offer RISC OS much
better random read/write speed than SATA
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Conclusion

NVMe offers more potential than SATA

More compact

Waveshare Mini-A/Mini-B — build it yourself;
GeekPi DeskPi Mini — halfway house;
PIRO Qube — ready built.

USB 3 n/a but RISC OS can’t drive It
What can we do with NVME so far?
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RISC OS and NVMe

Work In progress

What can we do now?
An NVMe drive in a USB caddy works
... but only at USB speeds!

Need both RISC OS and Linux to format it
Dual-boot machine makes it easier

Once prepared, it can be used now for
Linux and later for RISC OS
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Formatting an NVMe drive

The RISC OS two-partition solution:

Has a FAT partition (1) which can be accessed

from RISC OS using Boot:Loader

AC

Has a filecore partition (4) for RISC OS files
d partitions using Linux:
_arge FAT partition (2) — for file sharing;

_arge ext4 partition (3) for Linux to use.

Tweak the partition table in RISC OS
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Formatting an NVMe drive

HDForm can only do SDFS/SCSI/ADFS
Put NVMe drive in a USB caddy
Use HDForm to format SCSI::4

Use SystemDisc to create FAT partition
That's the RISC OS bit done

Reboot into Linux
Add 20GB FAT partition
Add 20GB ext4 partition

ROUGOL 19th Feb 2024
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Formatting an NVMe

drive
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Formatting an NVMe drive

Lo Manage system discs
NOW add Loader #] scs [ 4 sl
CheCk the drive iS SCSI : :4 Description UNITEK USB3.1 NVME
] : Capacity 476.9 GiB
Increase the size to 300MB T
Ignore ‘capacity’ as the filecore : Current fomat | FileCore E+
partition has already been -, Disc name HardDisc4

formatted to use just 110 GB

‘Create partition’ will do just that: A |
file 'Boot.Loader that is 300MB with

You can create a boot loader partition on this disc.

o _ | | Partition name Boot
the two partitions otherwise empty o o Ao
but formatted. (maimum [ 4095 vier |}

Create partition

Refresh | I Close
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Formatting an NVMe d

fdev/sda - GParted

GParted Edit View Device Partition Help

RO aB| e

(2 /dev/sda (476.94 GIB) »

/dev/sda4
126.36 GIB

Partition

o

System  Mount Point
/dev/sdal =2 fat16 /media/chri...
/dev/sdad A  unknown

unallocated unallocated

300.00 MiB
126.36 GIB

350.29 GiB

Used Unused Flags

168.00 KiB 299.84 MiB boot

0 operations pending

So far, we have two partitions, 1 and 4

ROUGOL 19th Feb 2024
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Formatting an NVMe drive

e e e e D
S-St

unallocated Munallocated 350.29 GiB

0 operations pending

Create new Partition

Minimum size: 33 MiB Maximum size: 358695 MiB

Free space preceding (MiB): @ +  Createas: Primary Partition -
New size (MIB): | 20000 — 4 Partition name:
Free space following (MiB): | 338695 = +  File system: fat32 v

Align to: MiB w  Label

Adding a 20GB FAT partition 2 after partition 4 using GPartEd
This could be used for sharing files between RISC OS and Linux
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Formatting an NVMe drive

/dev/sdas E
126.36 GiB :

Partition File System  Mount Point Size Used Unused Flags
/dev/sdal =2l fat16 /media/chri.. 300.00 MiB 168.00KiB 299.84 MiB boot
/dev/sdad A unknown 126.36 GiB
/dev/sda2z W fat32 19.53GIB 9.84MiB  19.52GiB

unallocated unallocated 330.76 GiB

Create new Partition

Minimum size: 1 MIB Maximum size: 338694 MIB

Free space preceding (MiB): | E + ‘ Create as: Primary Partition v
New size (MiB): | 20000 = & | Partition name: i |
Free space following (MiB): ‘ 318694 - + ‘ File system: ext4 =
Align to: MiB ¥  Label | |
Cancel Add

Adding a 20GB ext4 partition 3 after partition 2 using GPartEd
This partition will be read only by Linux
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Formatting an NV

e e

Me dr

e

Ive

/dev/sda - GParted

GParted Edit View Device Partition Help

(9 ® 3 | By B (2 /dev/sda (476.94 GiB) v

/dev/sdad
126.36 GiB
Partition File System  Mount Point Size Used nused Flags
/dev/sdal =2l fat1é /media/chri.. 300.00 MiB 168.00 KiB 299.84 MIB boot

/dev/sdad4 A unknown 126.36 GIB = EE
Jdev/sda2 [ fat32 1953 GiB 9.84 MiB 1952 GIB
Jdev/sda3 i extd 1953 GIB 19043 MiB 19.35 GIB

unallocated unallocated

311.22 GiB

0 operations pending

It looks odd and will cause problems

The RISC OS filecore partition (126GB) is second on disk but listed

as fourth in the partition table

ROUGOL 19th Feb 2024
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Formatting an NVMe drive

Fdit Tabs Help
raspberrypi: blk
MAJ:MIN RM  SI ) TYPE MOUNTPOINT
a : IE,I 5 o ' n 5 o

LT & R

L P |

cda : B 476.89G. 0O disk
sa’ 8:1 @ 308k 3 part /m
cOas & S ¢ S .5 L5 J. part J/n
cdaa o3 L 19. 04 3. parc Jn
soad g:4 B 126.4G. B part

sude dd if=/dewv/sda o

chris@raspberrypi:
1+8 records 1n

1+8 re

Sd L DY

/dev/sda/ is the NVMe drive in the USB caddy

The ‘dd’ command is writing its Master Boot Record (MBR) to disc —
this contains the 64 byte partition table

We can copy it from /home/chris/ to the eMMc FAT partition
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Formatting an NVMe drive

What iIs In the partitions?
1. 300MB FAT (empty FAT 16)
4. 110GB filecore (contains !Boot.Loader)
2. 20 GB FAT (empty and not formatted)
3. 20 GB ext4 (empty and not formatted)

So use ‘dd’ to write partition table to disc
Copy from /home/chris to /dev/sdal (eMMc)

Reboot into RISC OS
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Formatting an NVMe drive

Edit Tabs Help

chris@raspberrypi:

i1+0 records 1in
|1+0 records out
512 bytes copied, 0.000387778 s,

chris@raspberrypi:

First we reboot into RISC OS and run a BASIC programme which
takes the MBR (mbr00.bak) and shuffles its partition table into the
same order as on the disc and saves it as mbrOOr.bak

Now in Linux we write this corrected MBR back to disc
It is essential now to reboot immediately
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Formatting an NVME drive

Use small BASIC programme
Shuffle partition table from 1423 to 1234

Reboot into Linux
Write partition table and reboot Linux

~ormat
~ormat
~ormat

partition 1 as FAT32
partition 3 as FAT32

nartition 4 as ext4

Copy Linux distro to partition 4 and Check
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Formatting an NVMe drive

—
-

S S

GParted Edit View Device Partiion Help

=

1y @ 5 B | S ¢ [ /dev/sda  (476.94GiB)~

/dev/sda2
126.36 GIiB

) Size Used Unused Flags
/dev/sdal i 300.00 MiB 632.00KIB 299.38 MIiB boot
Jdev/sda? A unknown 126.36 GiB =3 =3
/dev/sda3 [ | fat32 19.53 GIiB 9.84 MiB 19.52 GiB
/dev/sda4d H extd 19.53 GiB 190.43 MIB 19.35 GiB

unallocated unaliocated 31122 GiB

0 operations pending

Now all looks well on Linux — the partitions are in the right order
Partitions 1 and 3 are now formatted FAT32 (and empty)

Partition 4 is now formatted ext4 (and empty)
ROUGOL 19th Feb 2024
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Formatting an NVMe drive

File Edit Tabs Help

2de513ac- -= ,./../sdal
2de513ac-02 -> ../../sda2
2de513ac-03 -> ../../sda3
2de513ac- -= /.. /sdad
cf3czbea- -= ,./../sdbl
cf3czbea-02 -> ../../sdb2
efeddl7f- -= ../ /nvmednlpl
efed@l7f-02 -> ../../nvmeBnlp2
efeddl7f-083 -> ../../nvmeBnlp3
3 efeddl7f- -= ./ /nvme@nlpd

pberrypi:

Now we copy a standard Linux distro from a USB stick into the ext4
partition (it will have very little free space at the moment)

We display the UUIDs (2de513ac and cf3c2bea) for use later

Use the ‘Check’ command in GPartEd to resize ext4 to 20GB
ROUGOL 19th Feb 2024 29



Formatting an NVMe drive

Linux has a ‘root’ filesystem
(/) at a place identified by its
UUID in CMDLINE.TXT on
the eMMc storage (SDFS)

It loads its kernel from the
UUID specified in /etc/fstab

The standard Linux distro
(Bullseye) uses cf3c2bea so

we edit that to 2de513ac i R R = | [

(nOtIng tha‘t rOOt IS nOW On ;E;g%.IUID:CfSCZbe?—];;C /boot Rese vfgfau.ls-Zfaults @._ c] . 2

partltlon 4 not 2) ] 3§A§Tgﬂig;gigcigeﬁ;?2a gwap partition, ﬁ;t?ine ﬂztgults,noatlme ° !
| 5# use dphys-swapfile swap[on]|off] for that

If we SpECIfy 2d€513ac In Plain Text v Tab Width: 8 = Ln1,Col 1 + INS

Boot.Loader then Linux will
boot from the NVMe drive
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Formatting an NVMe drive

Copy Linux distro

add if=/dev/sdb2 of=/dev/sda4
status=progress (takes 15 min to copy 10GB)

Reboot Linux

Use gparted to ‘Check’ partition, extends free
space to size of partition)

Use /s —/ /dev/disk to show UUID
Edit /etc/fstab (sudo gedif) to update UUID
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Dual boot machine

_Inux can see both FAT partitions and use
partition (1) for its boot drive

_Inux uses the ‘ext4’ partition for its files

With the drive in a USB caddy, RISC OS
can see FAT partitions and filecore

Makes It easy to switch between OS’s
Update CMDLINE.TXT with new UUID
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Dual boot machine

Easy to do
Requires bigger FAT partition on SD card
Awkward to reformat eMMc ‘on the fly’
Detailed instructions on !Store ‘How To ...
Also www.svrsig.org/HowToNVMe.pdf
Clever bit is in CONFIG.TXT using GP105
Linux instructions sit in CMDLINE.TXT

Simple push button selects boot OS
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Dual boot machine

With button pressed, Linux now boots
Using the NVMe drive in the USB caddy
for / and /boot (partitions 4 & 1)

If NVMe drive is plugged in to the 10 board,
Linux will use It natively

With no button pressed, RISC OS boots
Using the eMMc as its selected boot drive
Can see three of the four partitions via USB
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Build 1t yourself

It Is simple to put together, the most
difficult bit is to get hold of a CM4!

A 5V power supply (USB-C) Is required
The ‘eMMc’ version of CM4 is better:

Current RISC OS ROMs can’t see large SD
cards on CM4 Lite — bug #611

A ‘dual boot’ solution is a good idea
NVMe is the future!
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Build 1t yourself

Adding a fan/heatsink
Waveshare 5V fan bolted to CM4 board
Has integral heatsink and 4-pin lead
Simple to fit
DeskPi Mini already has a fan

Need RTC and fan control
Purpose-built PCB to fit space available
Instructions www.svrsig.org/ClockFit.pdf
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Build 1t yourself

PCB for Waveshare 10 board

ROUGOL 19th Feb 2024
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Build it yourself

1y =5 EM02101
= 2 = an Controller . E
* 1 | |=:°2 Tempcrature Sensors = =
MERLAN — Tach + PWM/DAC Cirl =
C-E 12C Addr 0x4C A:‘.'

"tnccc- Cj

VLogic/Vee: 3- 5VDC

PCB for Wavéshare 10 board
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Build it yourself

e— 9 _4=9"
TOL_ P rovet O ‘ﬁr IO Board

- J Fan/RTC HAT

12y a.czmt NIIJ.LE R1 S B ¢ ) Ossion by IR1ecFCB

[0]o--0 g

PCB for Pi Foundatlon IO board
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Build it yourself

Linux

ek e E]

00000000000 NO0ONO000
000015 000000012000000 :
0|0 0 O} o
00100
PCB for DeskPi Mini (PIRO Qube)
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Build 1t yourself

PCB for DeskPi Mini (PIRO Qube)

ROUGOL 19th Feb 2024

41



Build 1t yourself

What does it add?
DeskPi — RTC and dual-boot switch
W/share — RTC, fan control boards + switch
Pi 10 — RTC, fan control, boot/reset switch
Simplest solution Is PIRO Qube
Fit NVMe drive (easy to do)
Fit RTC using purpose-built PCB on back
All sockets on front

ROUGOL 19th Feb 2024
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Build it yourself

Case with Waveshare 10 board and Fan
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Build it yourself

| -
[

- - ” - = - L g* ol SN . .
4 ST — ¥

b ] —— <
=IUNTL |““,

Pi Foundation 10 board with SATA
2 X HDMI; 4 x USB; 1 x Ethernet; 12V power
Drive bay for second SSD drive (cold plug)
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Question & Answer

| will do my best to answer — fire away!
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