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= RetroBSD is a port of 2.11BSD Unix intended for small
embedded systems

= Currently Microchip PIC32MX 32bit microcontroller with
at least 128 Kbytes of RAM and 512 Kbytes of Flash is
supported

= Developer - Serge Vakulenko
= Home page http://retrobsd.org/
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RetroBSD - MCU supported ' - '

= MIPS MA4K architecture, with executable data
memory and flexible RAM partitioning between
user and kernel modes

= RAM 128kbyte (!) .8 MR oo PIC”
=  Flash 512(+12)kbyte

=  Fcpu 80MHz, 80mips
= PIC32MX695F512L (100pin)
= PIC32MX795F512L (100pin)

= PIC32MX695F512H(64pin)
= PIC32MX795F512H(64pin)

= 5 Stage Pipeline, 32-bit ALU
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RetroBSD - Minimalistic system ' '

“A Minimalistic system”

1x MCU

1x SD-card

4x LEDs

3.3V voltage regulator

10 resistors, 10 capacitors, breakout board
8MHz crystal

Serial connectivity via RS232, Bluetooth, USB
Battery
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bsd_day(2011)

RetroBSD - Minimalistic

Supported Boards:

Icsp 1
([CICISICINIC)
RI R1

)

P

{

Ground CON1.1
5VfromUSB CON1.2

CON2.1 Ground
CON2.2 3.3V Power Supply

o +(@- 3%

pRReeELEeEgD @

Pin1 CON1.3 CON23 Pin20
Pin2 CON1.4 CON24 Pin19
Pin3 CON1.5 CON25 Pin18
Pin4 CON1.6 CON26 Pin17
Pin5 CON1.7 CON27 Pin16
Pin6 CON1.8 CON28 Pin15
Pin7 CON1.9 CON29 Pin 14

Pin 8 CON1.10
Pin 9 CON1.11
Pin 10 CON1.12
Ground CON1.13

CON2.10 Pin 13
CON2.11 Pin 12
CON2.12 Pin 11
CON2.13 Ground

-
(g

€T

@ ‘pasgecanfanEe’

Igor Mokos 2011



A

RetroBSD — a typical mini-system '
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RetroBSD — major changes against 2.11BSD “ | "

Serge comments on RetroBSD development:

* Kernel sources fixed to compile for MIPS using GCC. Added function
prototypes. Fixed all gcc -Wall warnings..

* Removed networking layer: no chances to fit into available RAM.
It's easy to add them back later..

* Removed accounting and kernel options QUOTA,
EXTERNALITIMES, SOFUB_MAP..

* Removed PDP-dependent features: memory map, clicks, floating
point stuff, overlays, separate code/data space, unibus,
UCB_CLISTS, drivers..

* Removed useless syscalls: getlogin/setlogin, phys, fperr..

&
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RetroBSD — major changes against 2.11BSD ' - '

* Removed struct text. We have not enough incore memory to store
shared executable code..

* All system data structures fixed to use word-sized data types.
Short and char values are not efficient for RISC architecture..

* Block size increased from 512 bytes to 1 kbyte..
* Filesystem structure changed for 1-kbyte block size..

* Implemented single-process user memory allocation. No
malloc/mfree for core memory: all allocation is static..
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RetroBSD — major changes against 2.11BSD “ - '

* Implemented setjmp/longjmp.. There will be two U areas allocated: one for

swapper (i.e. process 0) and another for all other processes. Switching is performed in
longjmp, by copying the data

* Implemented swapping to file on a root filesystem.. A swap file is a special
contigious region, created by mkfs

* Implemented PIC32 simulator, based on VirtualMIPS engine..

* It was a key guestion: is it possible to implement process switching

without MMU?.. Kernel stack is a part of U area, it should remain at fixed
address, to be used by interrupt handlers. But it must be replaced when switched to a
new process. If occured, that there is a single place, where it could be implemented:
longjmp() routine. In 4.3BSD it is called resume(). It acts much like the standard

longjmp() jumping to previously saved thread context, but before it a U area is
“remapped"”, resulting in a process switch.
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RetroBSD — major changes against 2.11BSD “ - '

* "Remapping" is performed by exchanging a contents of U area..

Actually, there are two areas: U and UQ, allocated as static arrays at fixed addresses
(in a linker script). We explore the feature, that a process switch could happen only
from user program to swapper (process 0), or from swapper to a user program. When
a user process is running, a U area contains it's struct user and a kernel stack. At this
time, UO area contains a copy of U data for swapper. When we switch to swapper, the
contents of U and UQO is exchanged. Next we switch from swapper to another user
process, and they are exchanged again. When a swapper wants to change a process,
it saves the user code, data and UO area to disk, reads another process' data from disk
and calls longjmp().

* The major obstacle was a debugging of kernel.. Implementing context
switching, interrupt handlers, masking/unmasking, user mode signals is
a hard task. Developing a simulator was also an interesting and tricky part.
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RetroBSD — memory maps ' '

MCU
SDcard

User
96Kb
Text, Data,
Stack
Sdcard:
Write 250-600Kbytes/sec 12.5ns RAM access

Read 600-1700Kbytes/sec
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= GCC4.6.1for MIPS

= http://retrobsd.googlecode.com/svn/trunk/ retrobsd
= 2.11BSD-tape utilities (optimized for size)

= cpp-chipKIT-cxx 4.5.1
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RetroBSD —today’s limits ' '

= PIC32MX MIPS only

. 128KBYteS RAM = 32Kb Kernel + 96KD USer
= Max 20 (10) tasks/jobs in timesharing

= Size of the User’s job max 96Kb (code, data, stack)
= 1x Serial UART (up to 6) + 1x Serial via USB

= 1x SD-card (up to 4 SPIs, ~unlimited)

= SWAP on the SDcard (“slow”)
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= Averylong To Do list

= USB stack ( console/serial )

=  Multiport UART

= Multicard support

= TCP/IP stack

=  SDRAM for SWAP (?) x

= Tools, Applications, etc. %}%@ °
= ARM (?) @C@x&
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RetroBSD — Demonstration

Conpiled 2011-10-08 by pitofubuntu:
fhone/pito/retrobsd/sys/pic32/ubu32
phys nen = 128 kbytes

ssd: port SPI2, select pin E4

sd0: type SDHC, size 3872256 kbutes, speed 13 Hbit/sec
froot size = 131072 kbytes

‘suap size = 4096 kbutes

‘erase, kill “U, intr °C

# date 1111051300

Bat How S %3:00:00 PST 2011

; sh cal2l
[ sh call2 &
3
4 ps alx
FS UID PID PPID CPU PRI HICE RDDR SZ HCHAM  TTY TIHE COHHAND
38 0 0 0 41 0 00x6800 3 vunin 2 0:07 suapper
S 0 1 0 1 30 0 Dx84a 36 proc 2  0:01 init -s
z 0 48 S 0 0 00«6800 20 2 0:01 <defunct>
0 2 1 0 30 0 0x816 57 proc co 0:02 (sh)
0 S 2 0 30 0 0x81c 57 co 0:03 sh cal2l
0 35 2 0 30 0 0z810 57 proc co 0:02 sh call2
0 S0 35 1 0 0 0x804 57 co D:02 sh cali2
g Ly | 2 3 50 D0 0s2400 46 co 0:01 ps alx
1
p
FS UID PID PPID CPU PRI MICE ADDR SZ HCHAM  TTY TIHE COHHAHD
38 0 0 0D 47 0 00D0x6800 3 vyunin ? D:18 suapper
1200 § 0 1 D 1 30 0 Dx84a 36 proc ?  D0:01 init -s
12 0 122 35 0 0 D 0z6800 20 2 0:01 <defunct>
12 0 123 S 0 0 0 0=6800 56 7 0:01 <defunct>
$ 0 2 1 0 30 0 Dx8lc 57 proc co 0:02 (sh)
00 R 0 5 2 0 30 0 Dx9%c co 0:04 sh cal2l
0 R 0 35 2 0 30 0 Dx816 57 co 0:05 sh call2
$ 0 111 2 0 30 0 Dx80a 57 proc co 0:01 sh hell
10R 0 124 111 0 0 D0 0x804 57 co 0:01 sh hell
_:} R : 0 125 2 2 S0 0 0x2400 46 co 0:01 ps alx
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RetroBSD — Demonstration

# 1s -1 '
i otal 8396

ruxruxrux 1 root 87 Hov
=ru-r-———- 1 root 679979 Now
-ru-r-——- 1 root 402857 Moy
Fru-r-——-- 1 root 2097152 Hov
ru-r-———- 1 voot 1201808 How
TURTHRTHE 2 oot 2048 Hov
Eruxr-x--% 1 root 36 Nov
Fruxr-x--x 1 root 36 Nov
drusruxrus 2 voot 1024 Nov
druxruxrux 2 root 1024 Hov
ruxr-x--% 1 root 311 Hov
Fruxr-x--x 1 root 27 Nov
Frusr-x--% 1 root 311 How
Frusr-x--x 1 root 35 Nov
druxruxrus 2 voot 1024 Hov

28H
8!
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WO
—
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251 dev

0 we ww am ww ww
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w
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238 fact3S
:43 fact”
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e wm wm ww ws ow e ww é- ¥ wn ww
s
a4

druxruxrux 2 voot 1024 Hov :51 lost+found
Fruxr-z--x 1 root 36 Now :24 rdsd
druxruxrux 2 root 1024 Hov 51 sbin
druxruxruz 3 root 1024 How 51 share
-r--———--- 1 root 4194304 Nov 51 suap
drusrusrus 2 root 1024 Now 50 tnp
druxruxrux 4 root 1024 Hov 3 13:51 var

WWwwwwwwwwwWwwwwwwwwowoaw

t ﬂ;f(r-x--x 1 voot 47 Hov 3 15:31 ursd
# df -i

Filesysten 1K-blocks  Used  fvail Capacity iused ifree Ziused Hounted on
129023 17215 111808 13X 186 32582 0% /

Igor Mokos 2011



A

RetroBSD — Demonstration '

bsd_day(2011)

# cat fact

[d1-d1<P*]dsFxp
[d1-d1<P*]dsFxp
[d1-d1<F*]dsFxp
[d1-d1<F*1dsFxp
[d1-d1<P*]dsFxp
[d1-d1<P*]dsFxp
[d1-d1<P*]dsFxp
[d1-d1<F*]dsFxp
8 [d1-di<P*ldsFxp
B30 [d1-d1<P*ldsFxp
02 [d1-di<F*ldsFxp
36 [d1-d1<F*]dsFxp
38 [d1-d1<P*]dsFxp
40 [d1-d1<P*]dsFxp
M [d1- d1<F*ldstp

R ——
LMoo L0o
tan

6402373705726000

{’ 432902008176640000
1124000727777607680000
h20448401733239439360000

188344611713860501504000000

l 65252359812191053636%8480000000
263130836933693530167218012160000000
137199332679901217467999448150835200000000
1523022617466601111760007224100074291200000000
815915283047997734345611269596115994272000000000
1405006117752879898543142606244511569936384000000000

2 6382?15?4?88448?68043625811014615890319638528000000000
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RetroBSD — Demonstration

cd bin
s

LLLO  comn false iostat  nv rey su tsort

TOpos  cp fgrep Jjoin nice ™ sun tty

senate date file kill nr rrail sync unhare

find la nohup radir sysctl  uniq

al dc.core grep last od rz sz vhstat
at dd groups In pagesize sed tail u
b df head login passud  sh tar uall
hflags diff hello Is pr size tee uc
harp du hello.c Hail printf  sleep test uhereis
htiod echo hello.c™ nan ps sort tine uho
hpass  ed hostid  nesg pud split touch uhoan i
Hp eqrep hostnane nkdir re strip tr urite
ol axpr id Hore venice  stty true ®args

re hello.c

#include <stdio.h>
i
{
int i

nt nain()

1{‘01’ (i=100; i>=1;i--)

printf ("Hello BSD Day 2011 in Bratislavalin");

printf ("This is RetvoBSD on PIC32HX denonstration!n");
printf ("Countdoun runs: Xdwnn", i);

H

0

'
I
'
I
'
1
i
I
i
1
'
I
i
I
1
I
'
1
i
1
'
1
1
I
i}
.
i
i
.
i
.
&
.
&
.
5
.
&
&
.
’

return 0;

file hello.c line 11 I
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